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PREFACE TO THE THIRD EDITION 



Since the publication of the second edition of The Chemistry of Drugs the 
changes in therapeutics may almost be described as revolutionary. While the 
most important of the new discoveries are undoubtedly the drugs that inhibit 
or destroy micro-organisms in the bloodstream (the antibiotics and the sulphon— 
amides) a comparison of the chapter headings of the present edition with, those o£ 
the second one shows that a number of completely new classes of drugs has been 
introduced. The activities of the synthetic chemist and of the pharmacologist are 
resulting in the production of new drugs on an ever-increasing scale; nor are the 
advances confined to synthetic compounds. Not only have new naturally occurring 
compounds been used in medicine—the antibiotics, tubocurarine and reserpine 
are examples—but new derivatives of natural compounds have been prepared and 
used and the chemical constitution of many of them has been elucidated and 
their synthesis accomplished. 

The Chemistry of Drugs has therefore been completely rewritten. In order to 
confine the size of the book within reasonable limits only drugs that are a c tu ally 
used therapeutically have been included and many of the older drugs that are 
now not often used have been omitted. 

IsT- E. 

D. C. 
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PREFACE TO THE SECOND EDITION 


The rapid advances which have been achieved in the chemistry of drugs and the 
discoveries which have been made in certain fields since the first edition 'was 
published have necessitated a complete revision of this book. 

Although few drugs have been found to which some addition has not been 
necessary, the developments which have taken place in the chemistry of" the 
hormones and vitamins combined with the extension of their therapeutic applica¬ 
tions in the last few years have made it necessary to include two new chapters on 
these subjects. 

London , March , 1933 


IsT. E. 



PREFACE TO THE FIRST EDITION 


In preparing this work on The Chemistry of Drugs, I have endeavoured to pd vc £* 
description of substances used in medicine from the standpoint of pure chemistry 
—that is to say, the book is chiefly concerned with their chemical constitution 
and reactions, and the chemistry of the methods of manufacture of drugs obtain oti 
from natural sources or prepared by chemical synthesis. Drugs of natural origin, 
whose active principles are unknown, or from which no definite compounds of 
known constitution have been isolated, have been omitted or lightly touched on - 
In describing methods of manufacture I have treated chiefly of the chemistry 
of the methods employed rather than of technical details or of details of plant. 11 
is notorious that authors of textbooks do not describe methods of manufacturer 
actually in use, or they omit the really important details of a process, because: 
otherwise they would be giving away secrets of commercial value. However 
justified this criticism maybe, it is felt that the book will be of more value to the 
student if manufacturing methods are regarded rather from the chemical than 
from the technical point of view. Methods of analysis have been excluded 
entirely. The analysis of drugs is matter sufficient for a textbook in itself, and is 
best treated as a separate branch of the subject. 

The subject of essential oils used in medicine has been only cursorily treated, 
since it is fully dealt with in another book in this series, The Chemistry of Essential 
Oils , by H. Finnemore. 

In the case of all drugs included in the British Pharmacopoeia, or in the 
British Pharmaceutical Codex, the official name has been given first, although 
it may not be the one in common use— e.g ‘Uradal* is given first, and the more 
common ‘Adalin’ as a synonym. 

Solubilities are given except where otherwise stated as the weight of substance 
dissolved by 100 parts of the solvent at 15°C. Temperatures are given in degrees 
Centigrade, and specific gravities are at 15-5 3 C. compared with water at 15-5° CT- 
The abbreviations of the names of journals should be intelligible without explana¬ 
tion. 

I am indebted for much information to the following publications: Organic 
Medicinal Chemicals by Barrowcliff and Carr; The Plant Alkaloids by T. * 
Henry; The Chemistry of Synthetic Drugs by Percy May; and Organic Medica¬ 
ments and their Preparation by E. Fourncau (translated by Silvester). 

My thanks are due to Mr. L. G. Timmis, M.Sc.Tech., A.I.C., for much 
assistance in the preparation of this work. 

N. E. 
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PART I 


SYNTHETIC DRUGS 



CHAPTER I 


Hypnotics and Anticonvulsants 

Ahypnotic may be defined as a drug used for the induction of sleep, and is thus 
one that has a depressant effect upon the central nervous system. The seizures 
of epileptic patients have their origin in the brain and the drugs used to control 
these seizures are included in this chapter. These drugs are known as anti¬ 
convulsants. 

HYPNOTICS 

The most important group of hypnotics is that containing the numerous 
derivatives of barbituric acid, of which the most commonly used is phenobarbi— 
tone. Thiobarbiturates are also important, thiopentone being a most valuable 
drug for the induction of unconsciousness before operations. Barbituric acid 
which was first synthesised in 1864 has almost no physiological activity. The 
5-monoalkyl and monoacyl derivatives also show no hypnotic action. It is the 
5-disubstituted barbituric acids which are physiologically active. 5-Alkyl- 
barbituric acids were prepared by Conrad and Guthzeit in 1882 and in 1903 
Fischer and von Mering introduced 5 : 5-diethyIbarbituric acid as a hypnotic- 
Since that date, a large number of barbiturates have been synthesised and the 
physician has now a wide range from which to choose. Thiobarbiturates are it* 
general short acting, being rapidly decomposed in the body. 

The barbiturates are diureides, i.e. the products formed by the condensation 
of urea with dibasic acids. When urea is condensed with a monobasic acid, a. 
monoureide is formed. Certain members of the latter class have hypnotic 
properties, e.g. carbromal. 

R CO—NH 

\ / \ 

R.CO.NH.CONH, C CO 

/ \ / 

R' CO—NH 

Monoureide Diureide 

The introduction of the barbiturates was a milestone in medical history, but 
certain of the pre-barbiturate hypnotics are still in use. The most important oF 
these compounds are—the opium derivatives and hyoscine (which are treated 
under alkaloids), paraldehyde and chloral hydrate. 

In addition, certain new non-barbiturate sedatives have been introduced, e.g- 
the derivatives of glutarimide. 

Carbromal. 1-Bromo-l-ethyl-butyrylurea. C 7 H 13 BrN 2 0 2 . (I). 

Preparation. Diethylmalonic ester is converted to diethylmalonic acid which 
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is decarboxylated at 190° to yield diethylacetic acid. This is brominated in the 
presence of red phosphorus when 1-bromo-l-diethylacetyl bromide is formed and 
is purified by distillation. The required amount of urea is then added with constant 
stirring at a temperature controlled below 50°. Crude carbromal forms and is 
recrystallised from aqueous ethanol. 


Et 


Et 


\ 

( 

/ 


CH.COOH 


Et 

P+Br \ 


Et 


/ 


CBr.COBr 


Et 

urea \ 

-► CBr.CONH.CONH, 

/ 

Et 

I 


Properties. Carbromal is a white crystalline powder of m.p. 116° to 118°. It 
is slightly soluble in cold water and more soluble in hot water. It is also soluble 
in ethanol, ether and chloroform. When it is heated with aqueous sodium 
hydroxide it decomposes to yield ammonia and sodium bromide. 


BARBITURATES 

Barbituric acid (II) has the structure shown below and it may also be regarded 
as a tautomeric form of 2 : 4 : 6-trihydroxypyrimidine (III). 



OH 

I 

H CO—NH 

C—N 

\ / \ 

/ \ 

C CO 

H—C 

/ \ / 

\ / 

H CO—NH 

C=N 

i 


d)H 

II 

III 


The hydrogen atoms of the NH groups are easily split off as protons and give 
the compound its acidic character. Thus alkali metal salts of the barbiturates can 
be prepared (1). They are usually strongly alkaline in aqueous solution and are 
sometimes unstable (2). 

5 : 5-Dialkylated barbituric acids are commonly prepared by the condensation 
of the appropriate disubstituted malonic ester with urea in the presence of 
sodium alkoxide. Thus the preparation of barbitone is carried out as follows: 


Et COOEt H,N 

\ / \ 

c + c=o 

/ \ / 

Et COOEt H t N 


Et CO—NH 

V \o 

/ \ / 

Et CO—NH 
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This method is used when both substituent groups are saturated. When 
unsaturated groups, such as allyl, are present, the monosubstituted barbituric 
acid may be first prepared and then allylated (3): 


R CO—NH 

\ / \ 

c c=o 


R 


CO—NH 


H 


CO—NH 


X X 

c 

/ \ / 

CH*=CH.CH a CO—NH 


Substituted malonic esters may also be condensed with N-alkyl ureas to yield 
the N-alkylbarbituric acids or with thiourea to give thiobarbiturates. Guanidine 
leads to an imino derivative that can be hydrolysed by aqueous mineral acid to a. 
barbiturate (4): 


R CO—NH 

\ / \ 

C C=NH 

/ \ / 

R' CO—NH 


R CO—NH 

h 2 so 4 \ / \ 

-► c c=o 

/ \ / 

R' CO—NH 


Substituted malonic esters can also be condensed with dicyandiamide, 
dicyandiamidine biuret and allophanates. 

In the above procedures, malonic ester may be replaced by cyanoacetic 
ester. An iminobarbituric acid forms and on hydrolysis yields the required 
barbiturate (5): 

NH 


R 

\ / 

C 

/ \ 

R' 


CN 

R C — 

NH 


urea \ / 

> C 

\ 

i 

COOMe 

/ \ 

R' CO- 

/ 

-NH 


R CO—NH 


h 2 so 4 

\ / \ 



CO 


C 

/ \ / 

R' CO—NH 


CO 


An elegant method for the preparation of alkylcyanoacetates has been de¬ 
scribed (6) by Alexander and Cope. 

Barbiturates containing an aryl group in the 5- position are obtained by con¬ 
densation of the arylmalonic ester with urea. The substituted malonic ester 
required must be prepared by a special procedure which is described under 
phenobarbitone. 

The most important barbiturates are listed on p. 18. Many other substituted 
barbituric acids not included here have been synthesised and claimed 
hypnotics. Proprietary names are indicated thus: Nostal p . 
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R CO—NR' 

V \o 

R #// \:0—hfH 

Name 

R 

R' 

R' 

M.p.°C 

Allobarbitone 

allyl 

allyl 

H 

172-174 

Amylobarbitone 

ethyl 

isoamyl 

H 

155-158 

Apro barbital 

uopropyl 

allyl 

H 

140-141-5 

Barbitone 

ethyl 

ethyl 

H 

189-192 

Butabarbital 

rec.-butyl 

ethyl 

H 

165-168 

Butobarbitone 

n-butyl 

ethyl 

H 

122-124 

Cyclobarbitone 

ethyl 

A 1 -cyclohexenyl 

H 

171-176 

Hexethal 

ethyl 

n-hexyl 

H 

122-125 

Hexobarbitone 

methyl 

A 1 -cydohexenyl 

Me 

145-147 

Methylphenobarbitone 

ethyl 

phenyl 

Me 

178-181 

No8tal p 

uopropyl 

2-bromoallyl 

H 

179-180 

Pentobarbitone 

ethyl 

1-methylbutyl 

H 

127-130 

Pernogton p 

see .-butyl 

2-bromoallyl 

H 

130-133 

Phenobarbitone 

ethyl 

phenyl 

H 

173-177 

Probarbital 

ethyl 

uopropyl 

H 

200-203 

Quinalbarbitone 

allyl 

1-methylbutyl 

H 

96-100 

Rutonal p 

methyl 

phenyl 

H 

221 

Sandoptal p 

uobutyl 

allyl 

H 

138-139 

Vinbarbitone 

ethyl 

1 -methyl-d 1 -butenyl 

H 

161-163 

Thiobarbiturates 





Thiamylal 

allyl 

1-methylbutyl 

H 

131-133 

Thialbarbitone 

allyl 

A *-cyclohexenyl 

H 

148-150 

Thiopentone 

ethyl 

1-methylbutyl 

H 

158-159 


Barbitone. Barbital. 5 : 5-Diethylbarbituric acid. C 8 H 18 N s O s . (IV). 
Preparation. Diethyl malonate is normally used and is condensed with urea in 
the presence of a sodium alkoxide. It has been suggested that yields are increased 
if the alkoxide is added as fast as it is used up in the reaction (7). 


Et COOEt H.N 

\ / \ 

c + c=o 

/ \ / 

Et COOEt H a N 


Et CO—NH 

. V \o 

/ \ / 

Et CO—NH 

IV 


The disubstituted dibutyl malonate (8) and methyl diethyl cyanoacetate (5) 
have also been employed in a similar condensation to yield barbitone. In 
a further variation methyl diethylcyanoacetate has been condensed with 
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dicyandiamide and the iminobarbituric acid obtained converted to barbitone 
by acid hydrolysis (8). 

Properties. Barbitone is a white crystalline powder of m.p. 189° to 192°. It 
has a bitter taste. Barbitone is slightly soluble in cold water and readily soluble 
in hot water, alcohol, ether and chloroform. It dissolves in dilute alkalis and the 
monosodium compound is water-soluble and liberates barbitone on the addition 
of acid. An aqueous solution acidified with nitric acid gives a gelatinous precipi¬ 
tate on addition of Millon’s reagent. Mercuric perchlorate quantitatively pre¬ 
cipitates barbitone from its solutions. 

Phenobarbitone. Phenobarbital. 5-Ethyl-5-phenylbarbituric acid. 

C 1 iH„N,0j. (VIII). 

Preparation. Whereas 5 :5-dialkyl malonates are prepared by the step-wise 
alkylation of ethyl malonate, this procedure is not applicable to the preparation 
of an aryl malonic ester. Dimethyl ethylphenylmalonate is normally made by 
the following method (8). Benzyl cyanide is simultaneously hydrolysed and 
esterified to give methyl phenylacetate (V). This is condensed with diethyl 
oxalate and the resulting keto ester is decarbonylated at 180° to yield diethyl 
phenylmalonate (VI). Alkylation with ethyl bromide leads to the required 
ethylphenylmalonic ester (VII). 


Ph COOEt 

\ / 
c 

H /X H 


Ph COOEt 

\ / 

-> c 

\x). COOEt 


Ph COOEt 

\ / 

c 


COOEt 


VI 


Ph COOEt 

. V 

* Et^ \;OOEt 
VII 


The same ester may be obtained by an alternative route whereby ethyl 
phenylacetate is condensed with diethyl carbonate and the resulting phenyl- 
malonic ester alkylated by means of diethyl sulphate (9). 

Phenobarbitone is obtained by the condensation of phenylmalonic ester with 
urea in absolute ethanol in the presence of sodium ethoxide. Phenyl butyramide 
is commonly present as an impurity in the reaction product (10). 


Ph COOEt 

H 2 N 

Ph CO—NH 

V 

\ 

CO 

NaOEt \ / \ 

-—C CO 

/ \ 

H,N 

/ \ / 

Et COOEt 

Et CO—NH 

VII 


VIII 
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Properties. Phenobarbitone is a white powder with a bitter taste. It melts at 
175*5°. It is slightly soluble in water and readily soluble in ethanol, ether, 
chloroform or solutions of alkalis. The solubility in different water - ethanol 
mixtures has been determined (11) as has the solubility in tropropanol (12). It 
gives a precipitate with Millon’s reagent but may be distinguished from barbi- 
tone by the orange colour produced when a trace of sodium nitrite is added to a 
10 per cent w/v solution in cold sulphuric acid. 

Phenobarbitone is often used for the treatment of epilepsy. 

Methylphenobarbitone. Phemitone. 5-Ethyl-5-phenyl-N-methylbarbi- 
turic acid. C ia H 14 N a O a . (XII). 

Preparation. Methylphenobarbitone may be made by the condensation of 
phenylethylmalonic ester with N-methylurea(13) or by the use of dicyandiamide 
(IX). In this method dimethyl phenylethylmalonate is condensed with dicyandi¬ 
amide and the product (X) is methylated (XI) and then hydrolysed to give 
methylphenobarbitone (8, 14). 


Ph COOMe NH. 

V/ \ 

C + CNH 

/ \ / 

Et COOMe NC.HN 

IX 


Ph CO—NH 

V \nh 

/ \ / • 

Et CO—N 

I 

CN 


Ph CO—NMe 

Me a S0 4 \ / \ 

-► C CNH 

/ \ / 

Et CO—N 


L 


Ph CO—NMe 

h*so 4 \ / \ 

-> C CO 

/ \ / 

Et CO—NH 

XII 


XI 


Properties. Methylphenobarbitone is almost insoluble in water, but is soluble 
in ethanol, ether, chloroform and solutions of alkalis. It melts at 178° to 181°. 
It gives a colour test with resorcinol. 0*1 g is mixed with an equal weight of 
resorcinol and four drops of sulphuric acid are added. The mixture is heated at 
130° for 5 minutes and on cooling, a yellow colour appears, which becomes 
very pale green in ultra-violet light. On making the mixture alkaline, the colour 
becomes pale green and fluorescent and is then pale blue in ultra-violet light 
No colour is given by barbitone or phenobarbitone. 

Methylphenobarbitone is often used in the treatment of epilepsy. 

Cyclobarbitone. Cyclobarbital. 5-zl 1 -cycfoHexenyl-5-ethylbarbituric acid. 
C ia H le N a O a . (XIV). 

Preparation. Methyl cyanoacetate is condensed with cydohexanone in the 
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presence of diethylamine to form methyl cyc/ohexenylcyanoacetate (XIII). This 
is ethylated with ethyl bromide and the disubstituted ester is condensed with 
urea or with dicyandiamide (8, 15). 


NC. CH 2 COOMe 



■> 


CN 



EtBr 



CN 

—C—COOMe 


urea 


Et 



CO—NH 

/ \ 

—C CO 

l\ / 

Et CO—NH 


XIV 


Properties. Cyclobarbitone is a white powder of m.p. 171° to 176°. It is 
slightly soluble in cold water and more soluble in hot water, ethanol, ether, 
chloroform and solutions of alkalis. It is unstable in air apparently due to the 
formation of a hydroperoxide (16). In the resorcinol test described under methyl- 
phenobarbitone, a blood-red colour forms that looks grey-green in ultra-violet 
light. On basifying this colour becomes wine-red and appears bright blue in 
ultra-violet light. 

Cyclobarbitone is a short-acting barbiturate. 

Hexobarbitone. Hexobarbital. 5 -A 1 - cyc/oHexenyl - 5 -methyl - N-methyl- 
barbituric acid. C 12 H 16 N 2 0 3 . (XV). 

Preparation. A similar process to that employed for the manufacture 
of cyclobarbitone from dicyandiamide may be used (8). An added step 
is the methylation of the imino group by means of dimethyl sulphate before 
hydrolysis. 

Alternatively, A 1 -cyc/ohexenylmethylcyanoacetic ester can be condensed with 
N-methylurea (17) and the product hydrolysed: 

CO—NMe 

/ \ 

—C CO 

1 l\ / 

Me CO—NH 
XV 

Properties. Hexobarbitone melts at 145° to 147°. It is slightly soluble in water 
and more soluble in organic solvents and solutions of alkalis. The 4-nitrobenzyl 
derivative melts at 116° to 117°. Hexobarbitone gives the same colour reactions 
as cyclobarbitone. It is presumably as prone to aerial oxidation. 



CN 

i 

—C— COOMe 

I 

Me 


1. methylurea 
- > 

2. hydrolysis 
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Pentobarbitone. Pentobarbital. 5-Ethyl-5-(1 -methylbutyl)barbituric acid. 
C n H 18 N 1 O i . (XVI). 

Preparation . An ethyl(methylbutyl)malonic ester is condensed in the normal 
manner with urea in the presence of a sodium alkoxide (18): 


Me 

EtCH.CH COOBu 

V 

/ \ 

Et COOBu 


+ 


NH, 

\ 


CO 


/ 

NH, 


Me 

EtCH.CH CO—NH 

NaOMe \ / \ 

->■ C CO 

/\ / 

Et CO—NH 

XVI 


Properties. Pentobarbitone melts at 127° to 130°. It has the same solubility 
characteristics as hexobarbitone. In the resorcinol colour test described under 
methylphenobarbitone it gives an orange colour that becomes yellow on basifying 
and is then pale blue in ultra-violet light. 

Quinalbarbitone. 5-Allyl-5-(l-methylbutyl)barbituric acid. C ls H ia N,0 8 . 
(XVII). 

Preparation. 5-(l-Methylbutyl)barbituric acid is reacted with allyl bromide 
in aqueous alcoholic potassium hydroxide and the crude product is recrystallised 
from a mixture of benzene and light petroleum (1). 


Me 


Et.CH a .CH CO—NH 

V \o 

CHr=CH.CH^ CO—NH 
XVII 


Properties . Quinalbarbitone melts at 96° to 100°. When 0*1 g is dissolved in 
10 ml of a 10 per cent w/v solution of pyridine in water and 1 ml of a solution 
of copper sulphate in the same solvent added, a violet precipitate forms. 

Vinbarbitone. 5-Ethyl-5-( 1 -methyl -A 1 -butenyl)barbituric acid. C u H ia N t 0 8 . 
(XVIII). 

Preparation. The ethyl ester of ethyl-( 1 -methyl-J 1 -butenyl)cyanoacetic acid 
is prepared by ethylation of the corresponding monosubstituted ester in the usual 
manner (19) and the product is condensed in tropropanol with urea. The imino 
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derivative is hydrolysed and the crude vinbarbitone obtained is recrystallised 
from 50 per cent ethanol (20). Vinbarbitone melts at 161° to 163°. 

Me 

Et.CH=C CO—NH 

\ / \ 

C CO 

/ \ / 

Et CO—NH 

XVIII 


THIOBARBITURATES 


The condensation of thiourea with a 5 : 5-dialkyl malonic ester under the 
conditions for the preparation of barbiturates leads to 5 : 5-dialkylthiobarbituric 
acids. A thiobarbiturate containing a 5 -ally 1 group must be prepared from the 
corresponding allylmalonic ester. Attempts to allylate a monosubstituted 
thiobarbiturate lead to attachment of the ally! group to the sulphur atom (21). 
Similarly, an N-alkyl thiobarbituric acid is prepared with the N-alkyl group 
present before the final condensation is carried out, e.g. in the reaction between 
a substituted malonic ester and N-methylthiourea. 

The thiobarbiturates have been recently reviewed (22) and a general article on 
the preparation and properties of thioureas has been published (23). 

Thiopentone. Thiopental. 5-Ethyl-5-(l-methylbutyl)thiobarbituric acid. 
C n H 18 N 2 0 2 S. (XIX). 

Preparation. Ethyl-(l-methylbutyl)malonic ester is condensed with thiourea 
in the presence of sodium ethoxide (24) or methoxide (25). The crude product is 
recrystallised from 50 per cent ethanol. 


Me 


Et.CH 2 CH CO—NH 

V \s 

/ \ / 

Et CO—NH 

XIX 


Properties. Thiopentone is a yellowish-white powder with a m.p. of 158° to 
160°. It is slightly soluble in water and more soluble in organic solvents and 
solutions of alkalis. It is administered by injection as a solution of the soluble 
sodium salt. The latter is unstable and thiopentone for injection is sold as a 
mixture of the monosodium salt and anhydrous sodium carbonate, which is 
dissolved in water immediately before use. 

Thialbarbitone. 5-Allyl-5-zJ 2 -*yc/ohexenylthiobarbituricacid. C 13 H 16 N 2 0 2 S. 

(XX). 

Preparation. Allylmalonic ester may be converted to its sodium derivative and 
reacted with 1-bromo-21 2 -cyc/ohexene. The resulting compound is condensed 
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with thiourea to give thialbarbitone of m.p. 148° to 150° (26). It is used as the 
monosodium derivative. 

Thiamylal. 5-Ally 1-5-(1 -methylbutyl)thiobarbituric acid. CiaH ls N 2 0 2 S. 
(XX). 

Preparation. Ethyl cyanoacetate is reacted with 1-methylbutyl bromide and 
the substituted ester so obtained is condensed with allyl bromide to yield allyl- 
(l-methylbutyl)cyanoacetic ester. This, on condensation with thiourea, gives an 
iminothiobarbituric acid that on hydrolysis leads to thiamylal, m.p. 131° to 
133° (27). Mc 


Et.CH a .CH CO—NH 

\ / \ 

c cs 

/ \ / 

CH*=CH.CH, CO—NH 

XX 


VERY SHORT-ACTING BARBITURATES 


The two compounds described below have been recently introduced as very 
short-acting thiobarbiturates. It is claimed that in addition to their short 
duration of hypnotic action they allow the patient to recover his normal level of 
faculties within a very short time. 

Buthalitone. 5-Allyl-5-wobutylthiobarbituric acid. C 11 H 18 N a O,S. (XXI). 

Preparation. This compound, which was made in 1936 (28) but not intro¬ 
duced into medicine until 1954, may be prepared by the usual condensation of 
thiourea and a substituted ester. 


Me 

Me. d)H. CH 2 CO—NH 

v v. 

/ \ / 

CH^CH.CH* CO—NH 

XXI 


Methioturiate. 5 - Methylthioethyl - 5 - (1 - methylbutyl)thiobarbituric add. 
Ci,H 20 N 2 O 2 S 2 . (XXII). 

Preparation. The appropriate disubstituted cyanoacetic ester is condensed with 
thiourea and the product hydrolysed to yield XXII of m.p. 79° to 81° (29). 

Me 


Et.CH 2 .(!:H 

\ / 

C 

/ \ 

MeSCH 2 . CH 2 


CO—NH 

\ 

CS 

/ 

CO—NH 


XXII 
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OTHER HYPNOTICS 


Glutethimide. 2-Ethyl-2-phenylglutarimide. 3-Ethyl-3-phenyl-2:6-diketo - 
piperidine. C 13 H 16 N0 2 . (XXV). 

Preparation. Ethylbenzyl cyanide was condensed with acrylonitrile and the 
resulting dinitrile (XXIII) was converted by alkaline hydrolysis to XXIV and 
thence to glutethimide (30). It has been prepared by other workers (31). 


PhEt.CCN PhEt.CCN 

I I 

CH 2 CH 2 CN-► CH 2 CH 2 COOH 

XXIII XXIV 


CH a — CO 

/ \ 

H 2 C nh 

\ / 

C-CO 

/ \ 

Ph Et 


XXV 


Properties. Glutethimide is a solid of m.p. 82° to 86°, when crystallised from 
ether or from a mixture of ethyl acetate and light petroleum. The monohydrate 
melts at 68° to 69°. 

Glutethimide is a recently introduced hypnotic. It is of interest that 3-ethyl- 
3-methylglutarimide, i.e. bemegride (32, 33) (see p. 190) has no hypnotic 
properties and is in fact a barbiturate antagonist. 

Urethane. Ethyl carbamate. C 3 H 7 N0 2 . (XXVII). 

Preparation. Ethanol is reacted with phosgene in the presence of a base such 
as dimethylaniline (34, 35) to give ethyl chloroformate (XXVI) which is added 
to excess aqueous ammonia solution to yield urethane. 

EtOH 

COCl 2 -> EtOCOCl -> EtOCONH, 

XXVI XXVII 

Properties. Urethane forms colourless prismatic crystals of m.p. 48° to 50°. 
It is easily soluble in water and in organic solvents. When heated with alkalis 
it evolves ammonia and when a solution is washed with sodium carbonate and a 
trace of iodine, iodoform is produced. 

Urethane is a mild hypnotic that is not used extensively. 

Chloral hydrate. Trichloroacetaldehyde hydrate. C 2 H 3 C1 3 0 2 . (XXVIII). 

Preparation. In one method the following reaction scheme is followed: 


ch 2 oh 

1 

CH 2 OCl 

EtOH 

CH(OEt) 2 a 

CH(OEt) 2 

ch 3 

* ch 3 

- > 

CH, 

CC1 3 

HC1 

CH(OH)OEt 

h 2 so 4 

■w 

H s O 

CH(OH) 2 

s' 

cci 3 

-r* 

CC1 3 

CC1 3 





XXVIII 


Chlorine is passed into ethanol and chloral alcoholate, Cl 3 CH(OEt) 2 , forms. 
Sulphuric acid is added and the mixture is heated until no more hydrogen 
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chloride is evolved. The mixture is then fractionated. Ethyl chloride comes off 
first, followed by ethanol and finally chloral is obtained. It is redistilled from 
calcium carbonate to produce chloral of b.p. 94°. On addition of the theoretical 
quantity of water, the hydrate is formed and may be recrystallised from ether, 
benzene, chloroform or light petroleum. Chloral may also be obtained by the 
direct chlorination of acetaldehyde (36). 

Properties . Chloral is the oldest synthetic hypnotic, having been introduced in 
1869, and is still regarded as one of the safest drugs of its kind. It is a colourless 
pungent liquid combining with water exothermically and readily soluble in 
ethanol and ether. It has b.p. 97*7° and weight per ml of 1*512 g at 20°. 

Chloral hydrate forms colourless crystals, m.p. 57°. It is readily soluble in 
water or organic solvents. When warmed with caustic alkalis chloroform and 
sodium formate are produced. 

ChlorbutoL Trichlorobutanol, (CH s ) a CCl a . C. OH. 

Preparation. A mixture of dry acetone (500 g) and chloroform (1000 g) is cooled 
below 0° and finely powdered potassium hydroxide (325 g) is added gradually with 
constant stirring over a period of 60 hours. After standing for a further 36 hours 
the solid residue is filtered. The filtrate is fractionally distilled. Chlorbutol boils 
at 165°. It is washed with water and recrystallised from dilute ethanol. 

Properties . Chlorbutol forms colourless crystals of m.p. 96° when pure. It is 
usually hydrated and then melts at 77° to 81°. It has a musty and somewhat 
camphoraceous odour. It is slightly soluble in water and readily soluble in 
ethanol, ether and chloroform. Chlorbutol gives the iodoform reaction and the 
odour of phenyl isocyanide is produced on warming with aniline and sodium 
hydroxide. 

Amylene hydrate. fer/.-Pentanol. C 6 H ls O. (XXIX). 

Preparation. Trimethylethylene is reacted with sulphuric acid and the 
sulphate so formed is hydrolysed with an alkali. 

H s SO a NaOH 

Me,G=CHMe-> Me^CfHSOJCHjMe-► Me,COH.C a H 5 

XXIX 

Properties. Amylene hydrate has mild hypnotic properties but its chief use is 
as a solvent for tribromomethyl alcohol to give the solution known as bromethol. 
This is used per rectum as a pre-operative anaesthetic. 

It is a colourless liquid that forms colourless crystals of m.p. —13°. Weight 
per ml (20°), 0-808 to 0*811 g. It boils at 100° to 104°. It is miscible with 
water, ether, ethanol and chloroform. 

Tribromoethyl alcohol. Br s .C.CH t OH. 

Preparation. Tribromoacetaldehyde is prepared in a way similar to that used 
for chloral and is then reduced by hydrogenation or by sodium amalgam. 

Properties. A white crystalline powder of m.p. 79° to 81°. It is unstable in air 
and dissolves in water to give a solution that is unstable. Bromethol is a solution 
of tribromoethyl alcohol dissolved in amylene hydrate (2:1) and it is used as a 
basal anaesthetic. 
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Paraldehyde. Trimethyltrioxan. C a H 12 0 3 . (XXX). 

Preparation. Paraldehyde is a trimer of acetaldehyde. It is formed by the 
addition of a small quantity of mineral acid. The addition of 1 ml of hydro¬ 
chloric acid to 1500 lb. of acetaldehyde is sufficient to start the reaction. Heat i3 
produced and cooling is necessary. Further small quantities of acid are added 
until almost complete polymerisation has occurred. The reaction product is 
purified by fractional distillation. 

O 

/ \ 

3MeCHO -* MeHC CHME 

i d 

\ / 

c 

H 

Me 

XXX 

Properties. Paraldehyde which is a liquid of b.p. 123° to 126° and a m.p. of 11 ° 
is soluble in water. It has a weight per ml of 0*991 to 0*993 g at 20°. It is 
depolymerised by heating with dilute sulphuric acid. It reduces ammoniacal 
silver nitrate to give a silver mirror. 


ANTICONVULSANTS 


Anticonvulsants are drugs used in the treatment of epileptic seizures. These 
seizures are known as Grand Mai or Petit Mai according to the type and the 
anticonvulsants in use are often more active in one or other sort of seizure. 

The principal anti-epileptic compounds used may be divided into the four 
chemical types shown: 


R CO—NR 

\ / \ 

C CO 

/ \ / 

R' CO—NR' 

Barbiturates 


R CO—NH 

V \h, 

/ \ / 

R' CO—NH 

Primidone 


R NH—CO 

\ / 
c 

CO— NR* 
Hydantoins 



O-CO 

CO—NR* 


Oxazolidine-2:4-diones 


Phenobarbitone and methylphenobarbitone are still the first substances to be 
considered in treating most types of epilepsy. Their synthesis has been described 
in the section devoted to barbiturates. 

Primidone. 5-Ethyl-5-phenylhexahydropyrimidine-4:6-dione. 

CuHnNjO,. (XXXI). 
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Preparation. Phenobarbitone or the corresponding thiobarbituric acid are 
reduced to primidone (37). Phenobarbitone, for example, may be electrolytically 
reduced with lead electrodes in sulphuric acid below 50°. The product is re¬ 
crystallised from ethanol. 

Ph CO—NH 

/ \ 

C CH a 

/ \ / 

Et CO—NH 

XXXI 

Properties. Primidone is a colourless crystalline solid of m.p. 281° to 282°. It 
is sparingly soluble in water and in most organic solvents. It has been used for 
the control of Grand Mai seizures. 



HYDANTOINS 


There are two general methods for the preparation of these compounds: 
(1) R R NH—CO 

\ \ / 

C=0 + KCN + (NHJ.CO, -► C 


R' 


R 


CO—NH 


In this method (38) a ketone is reacted with potassium cyanide and am¬ 
monium carbonate and, if necessary, the hydantoin formed can be alkylated on 
one of the nitrogen atoms. 


( 2 ) 


H.N 


\ 


R Br 

\ / 

C 

/'\ / 

R' CO—NH 


R NH—CO 

NH a \ / 

CO -► c 

/ \ 

R' CO—NH 


Here a substituted bromoacetylurea is cyclised in alcoholic ammonia. 
Phenytoin. Diphenylhydantoin. C 16 H ia N a O a . (XXXII). 

Preparation. Method (2) above is used (39). 

A chemically simpler process has been described (40) in which benzilic acid 
is condensed with urea in the presence of acetic anhydride: 


Ph COOH 

\ / 

C 

/ V 

Ph OH 


H a N 


~h 


H a N 


\ 

< 

/ 


C=0 


Ph NH—CO 

\ / 

C 

y \ 

Ph CO—NH 

XXXII 


The sodium salt is prepared by the addition of aqueous sodium hydroxide and 
evaporation to dryness. 

Properties. Phenytoin forms white crystals, m.p. 295°. The sodium salt which 
is used in the treatment of Grand Mai is somewhat hygroscopic and on exposure 
to air absorbs carbon dioxide and forms phenytoin. 
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Methoin. 5-Ethyl-3-methyI-5-phenylhydantoin. C 12 H 14 N 2 0 2 . (XXXIII). 

Preparation. Method (1) above is used. Benzene and propionyl chloride 
reacted together by the Friedel-Craft procedure give phenyl ethyl ketone and 
this in alcohol is treated in two stages in an autoclave with two successive 
quantities of potassium cyanide and ammonium carbonate in aqueous solution. 
The reaction mixture is concentrated to half volume and acidified, and the oil 
which is formed is extracted out and the solution is washed with aqueous sodium 
hydroxide. The aqueous solution now contains the hydantoin which is precipi¬ 
tated by addition of concentrated hydrochloric acid. It is methylated by methyl 
sulphate in aqueous alkali to methoin, which may be recrystallised from ethanol. 

Ph Ph NH—CO Ph NH— CO 

\ KCN \ / Me 2 S0 4 \ / 

c=o-> c -c 

/ (NH 4 ) 2 CO s / \ / \ 

Et Et CO—NH Et CO—NMe 

XXXIII 

Properties. Methoin forms colourless lustrous plates, m.p. 137° to 138°. It is 
almost insoluble in water but is soluble in alkali hydroxides, in ethanol, ether and 
chloroform. A solution in aqueous sodium hydroxide, on being acidified with 
hydrochloric acid, gives a white precipitate insoluble in aqueous sodium car¬ 
bonate or strong aqueous ammonia. This test distinguishes methoin and 
phenytoin. 

Methoin is used as the sodium derivative in the treatment of Grand Mai. 


OXAZOLIDINE-2:4-DIONES 

These compounds have recently been investigated as anticonvulsants. Three 
members of the group are important. They are troxidone, paramethadione and 
aloxidone. 

Troxidone. Trimethadione. 3:5: 5-Trimethyloxazolidine-2 : 4-dione. 

C 6 H 9 N0 2 . (XXXV). 

Preparation. The most useful method for the preparation of the therapeutically 
active oxazolidine-2 : 4-diones appears to be the Stoughton synthesis (41): 


Me OH 

\ / 

C 

/ \ 

Me COOEt 
XXXIV 


H 2 N Me O CO 

\ NaOEt \ / 

+ CO -> c 

/ / \ 

H 2 N Me CO—NH 

Me O-CO 

Me 2 S0 4 \ / 

-► C 

/ \ 

Me CO—NMe 

XXXV 
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Dimethylglycollic ester (XXXIV) which can be prepared from acetonecyano- 
hydrin (42) is condensed with urea and the compound obtained is methylated to 
give troxidone which may be purified by fractional distillation (43). 

Properties. Troxidone forms white granules with a camphor-like odour. It is 
soluble in water and freely soluble in most organic solvents, except petroleum 
spirit. M.p. 45° to 47°. Hydrolysis with sodium hydroxide yields N-methyl- 
1 -hydroxyirobutyramide, m.p. 79° to 81°. 

Paramethadione. Paradione. S-Ethyl-3 : 5-dimethyloxazolidine-2: 4-dione. 
C 7 H u N0 8 . (XXXVI). 

Preparation. The method is analogous to that used for the preparation of 
troxidone (43). 

Me O-CO 


V 

/ \ 

Et CO—NMe 


XXXVI 


Properties. Paramethadione is a clear colourless liquid with an ester-like 
odour. It is sparingly soluble in water and soluble in organic solvents. The b.p. 
is 101° to 102° at 11 mm. It is used in the treatment of Petit Mai seizures. 

Aloxidone. 3-Allyl-5-methyloxazolidine-2 : 4-dione. C 7 H # N0 3 . (XXXVII). 

Preparation. 5-Methyloxazolidine-2 :4-dione is prepared by the Stoughton 
method described under troxidone and is allylated with allyl bromide to give 
aloxidone (44). 

Me O-CO 


V 

\:0—N.CH a CH=CH t 
XXXVII 


It is purified by distillation and boils at 129° to 132° at 18 mm. and 86° at 
0-5 mm. 
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CHAPTER II 


Analgesics and Antipyretics 


ANALGESICS 

Analgesics render a subject insensitive to pain. Hypnotics which induce sleep 
may thereby relieve pain, and many analgesics induce sleep in the absence of 
pain. Antipyretics have some analgesic activity. In addition, the analgesics— 
pethidine and morphine—might justifiably be regarded as anaesthetics. The 
division which has been made in this chapter must therefore be arbitrary, and is 
based upon the fact that the compounds described are used chiefly for the relief 
of pain. 

The classical analgesic, morphine, is treated under alkaloids (p. 203). 

Pethidine hydrochloride. Meperidine hydrochloride. Ethyl-1-methyl- 
4-phenylpiperidine-4-carboxylate hydrochloride. C 16 H 21 O s N. HC1. 



Pethidine (I) may be drawn as (II) thus showing its structural relationship to 
dihydrodeoxymorphine (III). This compound is used for illustration rather than 
morphine itself, as it is a powerful analgesic, and is simpler in structure. 

Preparation. Eisleb (1) prepared pethidine by several methods. The most 
direct method is that in which di(2-chloroethyl)methylamine (IV) is condensed 
with benzyl cyanide in the presence of sodamide and the resulting nitrile (V) is 
hydrolysed and esterified to give pethidine hydrochloride (VI). 
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C1CHXH. 



NaNH, 


% yCH 8 CN -f 


N Me 


-> c 6 h 5 -c: 


NIVTo 


C1CH 2 CH 2 

“iv 


CN 


C e H s -C^;NMe 


COOEt HC1 
VI 


However, compound IV is a nitrogen mustard and a vesicant, and its use oftGXH 
leads to dermatitis. In a second method, used by Eisleb (I) and described more; 
fully by other workers (2), 2-chloroethylbcnzylamine (VII) was employed as an 
intermediate, since it is less unpleasant to handle than IV. Benzyl chloride is 
reacted with diethanolamine and the diol obtained is converted to VII 
by the use of thionyl chloride. Then as in the previous method the chloroamirae; 
is condensed with the disodio derivative of benzyl cyanide to produce a nitrile; 
(VIII), which again is hydrolysed and esterified to yield ethyl l-benzyl-4-pherayl — 
piperidine-4-carboxylate hydrochloride (IX). To obtain pethidine hydrochloride, 
the compound (IX) must be debenzyiated and then methylated. This is carried 
out by means of hydrogen in the presence of a palladium catalyst, which first 
debenzylates and then, on addition of formaldehyde, methylates the product. 


HO(CH 2 ) 


NH 


C 6 H 5 CH 2 C1 


C1(CH 3 ) 3 


SOC1. 


N.CH 2 C 6 H s 


HO(CH 2 ) 

c 6 h 5 ch 2 cn 

--->■ 

NaNH, 


C1(CH,) 2 

VII 


0* 

CN 


nch 2 c 6 h 5 

VIII 





H,.Pd 


;nch 2 c # h 5 


•> <? 





'NMe.HCl 


COOEt 

Pethidine hydrochloride 


CHoO 

| HC1 
COOEt 

IX 

Many other routes for the preparation of pethidine have been expl 01 *^ 4 ^ 

a 4,5, 6 ). 

Properties. Pethidine hydrochloride is a colourless crystalline powder, sol*- 1 *-* . 
in water, methanol and ethanol, and slightly soluble in acetone and ether- ^ 
abo soluble in chloroform. M.p. 187° to 189°; the picrate melts at 189° to & 

n adding an alkali to pethidine hydrochloride in water the base is obtain^ ^ 
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an oil which solidifies at 30°. Potassium mercuric iodide gives a cream-coloured 
precipitate. Pethidine was introduced in 1939 and since then the world produc¬ 
tion and consumption figures have approximated to those of morphine. It has 
been used to lessen the severity of withdrawal symptoms in morphine addicts 
undergoing treatment, but its employment is not without danger, for it can 
itself lead to addiction. 


Alphaprodine (X) and Betaprodine (XI) are the cis and tram racemates 
respectively of 1 : 3-dimethyl-4-phenyl-4-propionoxypiperidine ( 7 ) and they are 
reversed esters, i.e. the —CO.OR grouping of pethidine (I) has been replaced 
by — O.CO.R. In addition, a methyl group has been introduced on the piperi- 

dine “*• H Me 


\/ 

C(^:NMe 

O.CO.Et 


X=Hydrogen at position 3 and —O. CO.Et are cis 
XI=Hydrogen at position 3 and —O. CO. Et are tram 


Hydroxypethidine. Ethyl 4-m-hydroxyphenyl-1 -methylpiperidine-4-carbo- 
xylate ( 8 ). This differs from pethidine only by the presence of a m-hydroxy 
group in the phenyl ring. 

Ketobemidone (XII). 4-m-Hydroxy phenyl-1 -methyl-4-propionylpiperi- 

dinC ' Q-cQNMe 

Ah Co.c.h, 


In this compound the ester group of hydroxypethidine has been replaced by 
—COC s H 8 , ( 8 ). Ketobemidone is more active than pethidine but is a powerful 
drug of addiction, being comparable with diacetylmorphine in this respect. 

Methadone hydrochloride. 6 -Dimethylamino-4:4-diphenyl-heptan-5-one 
hydrochloride. C 81 H 87 ON. HC1. 

Preparation. Methadone was originally prepared by Bockmuhl (9) by the 
following method. 1 -Dimethylaminopropan-2-ol (XIII), obtained by the con¬ 
densation of dimethylamine with l-chloropropan- 2 -ol in the presence of 
aqueous sodium hydroxide, was converted to the corresponding substituted 
alkyl halide (XIV) by reaction with thionyl chloride. XIV is condensed with 
diphenylacetonitrile in the presence of sodamide, and under these conditions it 
undergoes an intermediate cyclisation to the ethyleneimine (XV) which, on 
reaction, gives a mixture of the two possible nitriles XVI and XVII. These 
nitriles on treatment with ethylmagnesium bromide lead to the hydrobromides 
of methadone (XVIII) and isomethadone (XIX) respectively. Methadone 
hydrochloride is obtained by neutralisation of the hydrobromide and addition of 
ethanolic hydrogen chloride. 

An alternative synthesis in which the quaternary ethyleneimine (XV) is 
employed has been used (10). In addition l-chloro-2-dimethylaminopropane 
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Me 

CH.OH 

CH.C1 


Me 


Me 2 NH 

-> 

NaOH 


SOCl 5 


CH.OH 

C^H 2 NMc s 

XIII 


Me 

I 

CH.CI 

i 

CH 2 NMej 

XIV 


Me 


NaNH g 

->- 




hi 


CH a 


jfST Me 3 C1 


c,h 5 


CHg.CH.NMe, 

1 

Me 


C.H. 



MgEtBr 

-> 


\ / 


CHj.CH 


XV 


II Hr 


C fl H* 


Me 
CO.Et 

xvi i r 


MgEtBr \ 
-^ c 

/ ' 

c.h 5 


C.H, CH.CH,NMe a - HBr 


XVII 


Me 

CO.Et 

XIX 


(XX) has been used (11) in place of the 2-chloro-l-dimethyIaminopropane of the 
original synthesis. 

Methadone is a (i)-racemate and has been resolved by means of tartaric 
acid (12). The (-)-isomer is more active than the (+)-isomer. Isomethadooe 
has also been resolved (13). 

Me C fl H 6 

1 \ NaNHg 


CH.NMe, + 


CH.CN 


C,H, 


C e H„ CHj.CH. NMe, 

\ / I 

C Me 

/ \ 

C,H S CN 


com- 

two 


CH 2 C1 

XX XVI 

Properties. Methadone hydrochloride is a colourless crystalline powder which 
is soluble in water, alcohol or chloroform, but insoluble in ether. It has a 
233° to 235° and its picrolonate melts at 160°. Methadone base has a m.p- * 
Methadol. a-( ±)-6-Dimethylamino-4 : 4-diphenylheptan~3-ol. This 
pound is obtained by reduction of (i)-methadone (14) and is one of tH^ 
possible racemic mixtures. - 

Methadyl acetate. This is the acetyl ester of methadol (14). It has g rea 
analgesic activity than methadone and shows some promise for clinical use- « _ 

Phenadoxone hydrochloride (XXIV). (±)-6-Morpholino-4 : 4-dip^ 1 ®f r * 
heptan-3-one hydrochloride. C 22 H 2? 0 2 N.HC1. Phenadoxone is methado 
with the dimethylamino group replaced by morpholino. . r& 

Preparation. The method of preparation used by Elks and his co-’ vV0 ^f 
(11, 15) is basically that used by Bockmuhl for the preparation of meth® 
2-Aminopropan-l-ol is first condensed with di(2-chlorethyl) ether 
2-morpholino-propan-l-ol which on treatment with thionyl chloride lead® 
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required chloroamine, l-chloro-2-morpholinopropane (XXI). This compound 
is condensed with the disodio derivative of diphenylacetonitrile to yield a mixture 
of isomeric nitriles (XXII and XXIII). On reaction with ethylmagnesium 
iodide XXIII gives phenadoxone which is converted to its hydrochloride (XXIV). 


Me CICH.CH, Me Me 

HO.CHj.d^H.NH* -f* ^O —> H0.CH 1 .d:H.N^ _ ^0-^ CICH.i 


/ 

CICH,CH t 

Me 

c 6 h 5 ch.ch 8 .n; 

\ / 



CICH.CHN' 
XXI 


"O 


Me HQ 

s O C,H. CH,CH. 

' EtMgl \ / 

-► c 

C s H 6 \:O.Et 
XXIV 


Metho rphinan. (± )-3 - Hydroxy- N -methyhnorphinane. C 17 H 18 ON. (XXVII). 
Preparation. Methorphinan was first prepared by Grewe during his funda¬ 
mental studies upon compounds with morphine-like structures (16). It was later 
prepared in higher yield by Schnider (17, 18) by the following method: 




XXVII 
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ryc/oHexanone is reacted with cyanoacetic acid to give ryc/ohexenylaceto- 
nitrile, which on reduction yields cyc/ohexenylethylamine (XXV). The latter 
compound is then heated with />-methoxyphenylacetic acid in xylene and forms 
the amide which ring closes in phosphorus oxychloride to l-(/>-methoxybenzyI)- 
3 : 4 : 5 : 6 : 7 : 8-hexahydrotroquinoline (XXVa). This is reduced by means of 
hydrogen and Raney nickel, and the compound formed (after purification) is 
methylated by formaldehyde in the presence of Raney nickel to give l-(p-methoxy- 
benzyl)-2-methyl-l :2:3:4:5:6:7: 8-octahydroMoquinoline (XXVI). Re¬ 
action with oxalic acid in acetone gives the oxalate of XXVI, which ring closes in 
100 per cent phosphoric acid at 150° to 3-hydroxy-N-methylmorphinane 
(XXVII). 

Properties. Methorphinan melts at 251° to 253°. The m.p. of the hydro - 
bromide is 192° to 194°, and that of the tartrate 147°. Most of the analgesic 
activity of methorphinan resides in the (—)-isomer, and this appears to be usual 
amongst optically active analgesics (19). This (—)-isomer as its tartrate has been 
introduced for medical use and is known as levorphanol tartrate. It is a white 
powder with a bitter taste of m.p. 114° to 116°. 

Methorphinan has been resolved into its two optical isomers by the use of 
(-j-)-tartaric acid (20). The (—) isomer known as levorphanol melts at 198° to 
199° with [a] 2 D °—56° (ethanol). The hydrobromide has [a] 2 D °—27-5° (water). 
The tartrate melts at 206° to 208° and the dihydrate at 113° to 115° with [a] 2 D ° 
— 13-8° (water). Levorphanol is a potent analgesic. 

The (-f) isomer, known as dextrorphan y has little analgesic action. 

Levo- and Dextromethorphan. 3-Methoxy-N-methylmorphinane. 

C 18 H M ON. 

Preparation. These two compounds are optical isomers of the methoxy com¬ 
pound formed by methylation of the hydroxy group in methorphinan (XXVII). 
(rh)-Methorphan (racemethorphan) can be prepared by methylation of methor¬ 
phinan with phenyltrimethylammonium chloride and, by resolution with 
(+)-tartaric acid, the two isomers are obtained. Alternatively the optically active 
compounds levorphanol and dextrorphan can be methylated by the same 
procedure (21). 

Properties. The racemic compound racemethorphan melts at 81° to 83° and the 
hydrobromide at 239° to 240° (anhydrous) or 92° to 94° (monohydrate). Levome- 
thorphan melts at 108° to 111 0 and has [a] 2 D ° —49-3° (ethanol). The hydro- 
bromide melts at 124° to 126° and has [a] 2 D ° —26-3° (water). Levomethorphan 
is an analgesic; dextromethorphan is used as an antitussive. 

Levallorphan. (—)-3-Hydroxy-N-allylmorphinane. CjqH^ON (C). 

Preparation. In the same way that morphine is convertible to nalorphine 
(see p. 209) so levorphanol can be converted to levallorphan (22). Levorphanol is 
converted to its acetate (A) by reaction with acetic anhydride and the N-methyl 
group is then replaced by — CN by reaction with cyanogen bromide; the acetyl 
group is hydrolysed with ethanolic sodium hydroxide to give (—)-3-hydroxy- 
N-cyanomorphinane (B). The cyano group is removed and replaced by hydrogen 
by the action of dilute hydrochloric acid; alkylation with ally! bromide yields 
levallorphan (C). 
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Properties. Levallorphan melts at 180° to 182° and has [a] 2 D ° —88*8° (methanol). 
It has been used as an antidote to the depressant activity of morphine-like anal¬ 
gesics on the respiration. 


ANTIPYRETICS 

Antipyretics are drugs which reduce the body temperature of persons with 
fever. The temperature of normal healthy persons remains almost unchanged. 
^The compounds in this group have some analgesic and also some antiseptic 
action. Amongst them are found some of the earliest synthetic drugs. Phena- 
zone was introduced in 1884, phenacetin in 1887 and acetylsalicylic acid in 1899. 

Sodium salicylate. Sodium o-hydroxybenzoate. C 7 H 6 0 8 Na. (XXVIII). 

Preparation. Sodium salicylate is prepared by the reaction of carbon dioxide 
under pressure with sodium phenate (23). The method is the Schmitt modifica¬ 
tion of the original Kolbe reaction 

ONa 

M) + co, — 


^ONa 

O.C COONa 



XXVIII 


A mixture of phenol and sodium hydroxide solution is evaporated to dryness 
in a steam-jacketed rotary autoclave containing stirrer gear or steel balls to grind 
the sodium phenate formed. The temperature at the end of this stage is 190° to 
195°, and is allowed to fall to 150°, when dry carbon dioxide is passed in. The 
gas stream is regulated so that the temperature remains at 159° to 160°, and then 
as the pressure rises, the temperature is allowed to reach 160° to 165°. After 
48 hours the pressure is raised to 4*5 atmospheres and the temperature to 185° 
to 190°, and allowed to remain there for 4 hours. The pressure is then released, 
carbon dioxide is again blown in and any residual phenol is distilled. The 
recovered phenol is re-used. The residue in the autoclave is dissolved in water, 
neutralised with sulphuric acid, treated with zinc dust, sodium sulphite, sodium 
bisulphite and activated carbon and filtered. The filtrate is acidified at 75° and 
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the salicylic acid centrifuged off. The liquors are cooled and the second crop ° 
salicylic acid is filtered and purified. The product is sublimed under vacuum 
and then melts at 158-5°. 

It is converted to sodium salicylate by addition of sodium bicarbonate solution - 
The reaction mixture is not allowed to become alkaline, since then a browr» 
coloration may develop. Iron must be excluded. 

Properties. Sodium salicylate forms white crystals very soluble in water and in 
ethanol. It usually crystallises in the anhydrous condition, but from concen¬ 
trated solutions, it may separate as large crystals containing six molecules of 
water of crystallisation. It gives a deep purple colour with ferric chloride solu¬ 
tion. Sodium salicylate is the recognised treatment for acute rheumatic fever. 

Salicylamide. o-Hydroxybenzoic acid amide. C 7 H 7 NO a . 

Preparation. Methyl salicylate is reacted with ammonia, preferably under 
pressure and in the presence of ammonium sulphite (24). 

Properties. Salicylamide is a white crystalline powder of m.p. 141°. It was 
introduced in 1951 as a drug to relieve the pain associated with rheumatoid 
arthritis. 

Acetylsalicylic acid. Aspirin. C # H 6 0 4 . (XXIX). 

Preparation. Acetylsalicylic acid is prepared by the action of acetyl chloride or 
acetic anhydride upon salicylic acid. 

OH 

(f^jCOOH + CHsCOC1 


An excess of acetylating agent is used and the temperature of the reaction 
mixture is kept as low as possible in order that the formation of salicylosalicylic 
acid, HO.C # H 4 .COO.C # H 4 COOH, may be avoided. When acetyl chloride is 
used as the acetylating agent, the plant may consist of a jacketed enamelled still 
connected to an earthenware condenser. The vapour passes to a scrubber con¬ 
taining acetic acid to absorb the excess of acetyl chloride, and finally hydrogen 
chloride evolved is absorbed by water trickling down a further absorption tower. 
The possibility of contamination by iron must be rigorously excluded. When 
the reaction is complete, the excess of acetyl chloride is distilled off and the 
reaction product is crystallised from benzene or other suitable solvent. 

Properties. Aspirin is the most widely used of all the synthetic drugs, being a 
valuable antipyretic and analgesic. It is only slightly hydrolysed when passing 
through the stomach, and is therefore less irritating than salicylic acid, but it is 
rapidly decomposed on reaching the duodenum. Acetylsalicylic acid is a white 
crystalline powder, odourless, and with a slightly bitter taste. It is soluble in 
alcohol, chloroform, ether or benzene and slightly soluble in water in which it is 
slowly hydrolysed in the cold, and more rapidly on heating. In alkaline solutions 
it is rapidly decomposed. It dissolves in solutions of alkali citrates, but hydrolysis 
occurs on standing. The m.p. is 135° to 138°. Certain salts of acetylsalicylic 
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acid such as the calcium and magnesium salts are used medicinally but they are 
not very stable. 

Phenacetio. Acetophenetidin. p-Ethoxy acetanilide. Acetyl-p-phenetidine. 
C 10 H 13 O 3 N. (XXXIV). 


w 






nh.coch 3 

XXXIV 


XXX 


XXXV 


/ 

NH.COCH 3 

XXXVI 


OEt OEt OEt OH OEt OEt 




Preparation . Phenacetin may be synthesised in several ways as is shown by the 
above scheme. ( a ) Monochlorbenzene is nitrated and the p-chloronitrobenzene 
(XXX) is separated. It is converted to p-nitrophenol (XXXI) by heating at 50° to 
80° with alcoholic potassium hydroxide in the presence of potassium sulphite, 
further additions of the latter being made from time to time. An almost 
theoretical yield can be obtained (25). Conversion to p-nitrophenetole (XXXII) 
is effected by heating with ethyl chloride in an autoclave in the presence of 
caustic soda. One mole of p-nitrophenol is dissolved in the theoretical quantity 
of soda in a 10 per cent solution and one mole with a 10 per cent excess of ethyl 
chloride is added. The reaction is carried out at 100° for 8 hours in a lead-lined 
autoclave. The p-nitrophenetole is filtered off after cooling, washed with dilute 
soda and then with water. The conversion of p-chloronitrobenzene to p-nitro- 
phenetole may be carried through in one stage by the controlled addition of 
alcoholic sodium hydroxide solution to p-chloronitrobenzene in alcohol. About 
10 per cent of p-nitrophenol is not ethylated by this method and is again treated 
with ethyl chloride (26). 

The p-nitrophenetole is reduced in a cast-iron vessel by means of iron filings 
and hydrochloric acid. It is mixed with twice its weight of water containing 
1 per cent hydrochloric acid, and an equal weight of iron filings is added in 
portions, keeping the temperature at about 60°. The vessel is then heated to 
90° until the reaction is complete. The aqueous liquid is siphoned off and the 
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^-phenetidine (XXXIII) distilled by super-heated steam at 150° to 180°. I* 
distils as an oil which becomes discoloured if exposed to air. 

The pure />-phenetidine is then boiled with an equal weight of glacial acetic: 
acid in an enamelled still until no unaltered amine is found to be present. The: 
operation takes about 10 hours, and then the excess of acetic acid is distilled off 
in vacuo and the phenacetin (XXXIV) is extracted from the residue with boiling: 
water, decolorised by means of active carbon, allowed to cool and crystallise in 
the presence of a trace of sulphur dioxide to prevent oxidation (27). It may be 
recrystallised from water. 

(b) />-Nitrophenol is reduced to />-aminophenol (XXXV) by being boiled with 
a solution of three times its weight of sodium sulphide in water for an hour. The 
product is poured into an excess of hydrochloric acid, boiled and filtered. 
^-Aminophenol hydrochloride crystallises on cooling. The base is then liberated 
from its hydrochloride by adding the required amount of soda, separated and 
treated with an equal weight of acetic anhydride, the latter being added slowly, 
keeping the temperature down to about 10°. After allowing the reaction mixture 
to stand for an hour, the solid acetyl compound (XXXVI) is filtered, washed and 
dried. It may then be ethylated by means of ethyl chloride as described in 
method (a). 

(c) In this method one molecule of phenol with one molecule of^-phenetidine 
are converted to two molecules of the latter. ^-Phenetidine is first diazotised 
with nitrous acid, and the solution of the diazo compound is added to the 
required quantity of phenol dissolved in aqueous sodium carbonate solution. 
^-Ethoxy-/>-hydroxyazobenzene (XXXVII) crystallises out and is dissolved in 
alcoholic sodium hydroxide. Ethylation is then carried out as in method (a). 
^p'-Diethoxyazobenzene (XXVIII) is formed and is filtered off. It is reduced 
with tin and hydrochloric acid; after being made alkaline the reaction mixture is 
subjected to steam distillation to give />-phenetidine. It is converted to phena¬ 
cetin by acetylation. 

Properties. Phenacetin forms glistening white scales slightly soluble in cold 
water and fairly soluble in hot water. It is soluble in alcohol, ether or chloro¬ 
form. The m.p. is 134° to 136°. On being warmed with hydrochloric acid and 
after addition of a drop of dilute potassium dichromate solution to the filtered 
acid solution, a violet colour appears which soon changes to ruby red. Phenacetin 
is frequently administered in an admixture with aspirin, or aspirin and caffeine. 

Phenazone. Antipyrin. 2 : 3-Dimethyl-l-phenyl-5-pyrazolone. C 11 H 12 ON 2 . 
(XXXIX). 

Preparation. Phenazone was first made by Knorr in 1884 (28) and his method 
is still used. Phenylhydrazine is condensed with ethyl acetoacetate and the 
3-methyl-1-phenylpyrazolone so formed is further methylated to yield phena¬ 
zone. The reaction may be represented as shown on p. 42. 

The first stage of the reaction involves the loss of water and takes place in the 
cold. The ring closure requires heat, and ethyl alcohol is eliminated. Phenyl¬ 
hydrazine in benzene solution is added to the ethyl acetoacetate dissolved in 10 
per cent of its weight of ethyl alcohol. After a period at the boiling-point the 
solvents are distilled and the residue of 3-methyl-l-phenyl-5-pyrazolone is 
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dissolved in hot water, filtered and crystallised, and then recrystallised from 
ethanol. This compound may be methylated by means of a methyl halide, or by 
dimethyl sulphate (29). Caustic soda is not used since the reaction then goes too 
far. When methylation is complete, the liquid is made slightly alkaline with 
sodium carbonate and the solvent is distilled. The phenazone is recrystallised 
from benzene and then from water, after being decolorised by means of active 
carbon. 


CH=C(OH)Me 

CH=CMe 

do NH. — 

1 [ 

—► EtO.CO NH 

/ 

/ 

NH 

1 

C.H. 

NH 

| 

c.h 5 


CH=CMe 

i i 

* CO NH 

V 

I 

C.H, 


CH=CMe 

I I 

CO NMe 

\ / 

N 


i 


XXXIX 


Properties. Phenazone crystallises in tabular crystals or lustrous scales. It is 
very soluble in water, alcohol and chloroform, and less soluble in ether. It is 
weakly basic in character and forms salts of which the most important is the 
salicylate. The m.p. is 111 0 to 113°. Phenazone gives a deep red colour with 
ferric chloride solution, and the red changes to light yellow on addition of 
sulphuric acid. 

Amidopyrine. Aminopyrine. 2 : 3 - Dimethyl-4-dimethylamino-1 -phenyl- 
5-pyrazolone. C 1> H 17 ON a . (XLII). 

Preparation. Phenazone is the starting-point for the preparation of amido¬ 
pyrine. Phenazone is reacted with nitrous acid to give the nitroso compound 
(XL) which on reduction and methylation leads to the amine (XLI) and amido¬ 
pyrine (XLII). The reaction sequence is as follows: 


CH=CMe 

ON—C=CMe 

H a N—C=CMe 

Me 2 N—C=CMe 

CO NMe - 

| | 

—► CO NMe ■ 

1 I 

—► CO NMe 

| | 

-> CO NMe 

V 

\/ 

N 

\/ 

N 

i 

\/ 

N 

1 

C.H, 

C.H, 

1 

C.H, 

C.H, 


XL 

XLI 

XLII 


The preparation of the nitroso compound (XL) follows normal practice. The 
phenazone is dissolved in dilute mineral acid and sodium nitrite solution is 
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added. If the nitroso compound is reduced to the amine (XLI) by the use of 
sodium hydrogen sulphite the resulting compound may be methylated by form! c 
acid and formaldehyde (29) or by dimethyl sulphate (30). Chloroacetic may also 
be used and the amino-acid (XLIII) formed is decarboxylated by being heated 
in an autoclave at 120° to 140° for 10 to 12 hours. 


H 8 NC=CMe 

I I + 2C1CH.COOH 


CO NMe 

\/ 

N 



HOOC.CH* 

\.C=CMe 
HOOC.CH,/ | | 

CO NMe 

\/ 

N 

C,H, 

XLIII 


Phenazone may also be converted to amidopyrine by the following method (31)- 
Phenazone (3*8 parts) is dissolved in 40 per cent sulphuric acid (10 parts) and 
water (50 parts) and a solution of sodium nitrite (1*55 parts) in water (15 parts) 
is added slowly with cooling and stirring. The nitroso compound separates out. 
Forty per cent sulphuric acid (40 parts) is then added and zinc dust (6 parts)- 
The mixture is heated to 70° and a 10 per cent solution of formaldehyde (16 parts), 
zinc dust (12 parts) and a small quantity of copper sulphate solution are intro¬ 
duced. The mixture is stirred until hydrogen is no longer evolved and is then 
filtered and rendered alkaline. Crude amidopyrine is precipitated and is re¬ 
crystallised from benzene. 

Properties. Amidopyrine is a white crystalline powder which is soluble in 
water, alcohol or ether. It has a m.p. of 107° to 109°. With ferric chloride 
solution it produces a bluish-violet colour. Silver nitrate solution gives a deep 
violet colour and ultimately metallic silver is deposited. 

The compounds which follow may be regarded as antipyretics, but are used 
for the treatment of rheumatic conditions. 

Cinchophen. Quinophan. 2-Phenylquinoline-4-carboxylic acid. 

(XLIV). 

Preparation. Cinchophen may be prepared by reacting together aniline arid 
benzaldehyde, refluxing in ethanol until condensation is complete and then 
adding pyruvic acid. The cinchophen crystallises and is filtered off. It lS 
purified by conversion to its sodium salt which is acidified (29). This is an 
example of the Dobner synthesis of quinoline-4-carboxylic acids. 



COOH 
CO. Me 


OHC. C«H 





XLIV 
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An alternative method of preparation uses the reaction between isatin and 
acetophenone (32). This is an example of the Pfitzinger reaction: 

XLIV 
H 

Properties. Cinchophen is a yellowish-white crystalline powder with a bitter 
taste. It has a m.p. of 213° to 216°. It is insoluble in water, and moderately 
soluble in alcohol, ether or chloroform. It dissolves in solutions of alkalis. 
Cinchophen has been used for the treatment of gout and was introduced for this 
purpose in 1908. 

Neocinchophen. 6-Methyl-2-phenylquinoline-4-carboxylic acid ethyl ester. 
C w H 17 O t N. (XLV). 

COOEt 

H. 

XLV 

Preparation. The method used is analogous to that described for cinchophen, 
except that ^-toluidine instead of aniline is reacted with benzaldehyde and 
pyruvic acid. The product is then esterified. 

Properties. Neocinchophen is a white or pale yellow crystalline powder, 
odourless, and sensitive to light. It has the advantage over cinchophen of being 
almost tasteless. It is insoluble in water and soluble in hot alcohol, ether 
or chloroform. The m.p. is 74° to 77°. 

Phenylbutazone. 4-n-Butyl-l : 2-diphenylpyrazolidine-3 : 5-dione. 

C„H 10 O a N 2 . (XLVII). 

Preparation. 1 : 2-Diphenylpyrazolidine-3 : 5-dione (XLVI) may be alkylated 
by means of 1-bromobutane in the presence of caustic soda to give phenyl¬ 
butazone (33). 1: 2-Diphenylpyrazolidine-3 : 5-dione has been prepared from 
diphenylhydrazine and diethyl malonate (34). Thus this route to phenylbutazone 
is as follows: 





Alternatively diphenylhydrazine (hydrazobenzene) may be condensed with 
diethyl-n-butyl-malonate (35) to give phenylbutazone. 

Properties. Phenylbutazone is a white powder with a slightly bitter taste. It 
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is soluble in chloroform, benzene or ether, or aqueous alkali hydroxides, but is 
almost insoluble in water. The m.p. is 106° to 107°. Swiss workers in 1951 
introduced a solution of amidopyrine in phenylbutazone for the treatment of” 
rheumatoid diseases and in 1952 phenylbutazone alone was used for the same 
purpose. It has produced many toxic side-effects. 
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CHAPTER III 


Tranquillisers 

The synthetic tranquillisers or ataraxics are drugs that induce a mental state free 
from agitation and anxiety. This group of drugs embraces many chemical com¬ 
pounds of widely differing structures. Many of these compounds such as 
chlorpromazine are phenothiazine derivatives and are thus closely related to 
antihistamines such as promethazine and antispasmodics such as ethopropazine. 
Further butylmercaptobenzhydryl-2-dimethylaminoethyl sulphide, whose pre¬ 
paration is described below, is similar in structure to the antihistamine diphen¬ 
hydramine. Another group of tranquillisers represented by pipadrol, azacyclonal 
and benactyzine is derived from benzhydrol. Here there is a link with the anti¬ 
spasmodics such as benzhexol and trasentin. Many tranquillisers in common 
with antispasmodics have anticholinergic properties. 



✓ % 


CHOH 



o 

Benzhydrol 


Mephenesin, one of the first tranquillisers to be introduced, was first used for 
its power of muscle relaxation. The discovery by Berger and Bradley (1) of its 
pharmacological properties was made in the course of a study of the side-effects 
of 2-phenoxyethanol, a compound used as a preservative in injections. They 
found that it possessed the power of muscle relaxation. Interest was thus 
aroused and further investigation showed that mephenesin was the most satis¬ 
factory compound of those tested. Its muscle-relaxant properties were due to an 
effect on the nervous system. Mephenesin is also structurally related to 
guaiacolglyceryl ether which was once used as a cough sedative. 


CH.OH 

Phenoxyethanol 


Me 

CH,oA~\ 

CHOH 

CH,OH 

Mephenesin 

46 


MeO 

0 H .°O 

CHOH 

d:H a OH 

Guaiacolglyceryl ether 



TRANQUILLISERS 


47 


Methylpentynol, introduced by Margolin in 1951, is an acetylenic tertiary 
alcohol; a related saturated compound is amylene hydrate which is also used as st 
sedative. 

Methylpentynol. 3-Methyl-l-pentyn-3-ol. Methylparafynol. C,H 10 O. (I). 

Preparation. This compound is usually prepared by the reaction in a suitable 
solvent between ethyl methyl ketone and acetylene in the presence of a con¬ 
densing agent. 


Me 


Et 


\ 

/ 


C=0 + HC=CH 


Me 

-* ^C(OH)C-CH 
Et 


I 


The condensing agent may be sodium in liquid ammonia (2, 3, 4), sodamide 
(5, 6, 7), an alkali metal alkoxide (8) or potassium hydroxide (9, 10, 11). 

The chemistry of acetylenic alcohols has been reviewed by Johnson (12). 

Properties. Methylpentynol melts at 30° to 31° and boils at 149° at 745 mm- 
and 78° at 150 mm. It has n 2 ^ 1-4318 and d 20 0-872. The acetate boils at 149° 
at 745 mm. and 52° at 13 mm. The hydrogen phthalate melts at 97° to 98°- 
Methylpentynol contains one asymmetric carbon atom and has been resolved 
into its optical isomers (13). 

Mephenesin. 3-(2-Methylphenoxy)-l : 2-propanediol. ^-10^14^3- (II)* 

Preparation. The starting materials may be either allyl cresyl ether (14), 
glycerol (15, 16), an epoxide (17) or glyceryl monochlorohydrin (18, 19). In the 
last method the monochlorohydrin is reacted with cresol in hot aqueous sodium 
hydroxide solution. 

Me Me 

<^^>ONa + C1CH 2 CHCH 2 0H-> <^^>OCH 2 CHCH 2 OH 

OH OH 

II 


Excess of cresol is removed from the reaction solution by steam distillation - 
The mephenesin is extracted with benzene and the solution is evaporated; the 
crude residue is fractionally distilled. 

Properties. Mephenesin is a white crystalline solid melting at 71° and boiling 
at 196° at 16 mm. It is soluble in ether, benzene, ethanol and boiling water and 
may be recrystallised from carbon tetrachloride. The monocarbamate melts at 
93° (20). 

Meprobamate. 2-Methyl-2-propyl-l : 3-propanediol dicarbamate. 

C,H la 0 4 N s . (IV). 

Preparation. 2-Methyl-2-propyl-l : 3-propanediol (III) is obtained by 
reduction of either diethyl methylpropylmalonate (21) or of the condensation 
product of 2-methylvaleraldehyde and formaldehyde (22). The diol is then 
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converted by reaction with phosgene at a low temperature to the bischloroformate 
and this on addition of aqueous ammonia yields meprobamate (IV). 


Me 

HOCH t —i—CH 2 OH 

I 

Pr 


III 


-> CIOCOCH 
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-> H 4 NOCOCH a —C—CH g OCONH 2 

Pr 

IV 

Properties. Meprobamate is a white solid with a characteristic bitter taste. It 
melts at 105° to 106°; it is slightly soluble in water (0-34 g per 100 ml at 20°) 
from which it may be crystallised; it is soluble in most organic solvents. Although 
stable to cold dilute acids and alkalis meprobamate is decomposed by hot acids 
yielding ammonia, carbon dioxide and the diol. 

Meprobamate is a depressant of the central nervous system. 

Chlorpromazine. 3 - Chloro - 10 - (3 - dimethylaminopropyl)phenothiazine. 
C 17 H 19 N 2 SC1. (VII). 

Phenothiazine is numbered differently in the British and American systems as 
shown below. The British system has been used in this book. 



British 

(Beilstein system) 


American 

(Chemical Abstracts System) 


Preparation. The earlier methods for the preparation of phenothiazines 
involved the condensation of a diphenylamine derivative with sulphur, a mixture 
of 1- and 3-chloro derivatives is obtained by this method (23) and may be 
alkylated (24) by dimethylaminopropyl chloride to yield mainly the required 
3-chloro compound. 

An improved preparative method has been patented (25) in which 2-bromo- 
2'-amino-4'-chlorodiphenyl sulphide (V) is first obtained by condensation of 
2 : 5-dichloronitrobenzene and 2-bromothiophenol and followed by reduction 
of the nitro group to an amine; the sulphide is then condensed with dimethyl- 
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aminopropyl chloride in xylene in the presence of sodamide to give 2-bromo-2 ' — 
(3' , -dimethylaminopropyl)amino-4'-chlorodiphenyl sulphide (VI). This com¬ 
pound is ring closed by heating in dimethylformamide with sodium carbonate 
and copper powder yielding chlorpromazine (VII). 




(CH a ) 3 NMe 2 



VI VII 

In another synthesis by Toldy and Fabricius (25a), 3-chlorophenothiazine 
(VIII) was transformed into 3-(3'-chlorophenothiazinyl-10')propionic acid which 
was reduced with lithium aluminium hydride to 3-(3'-chlorophenothiazinyI)— 
propanol (IX); this was converted to the mesyl derivative (X) which when treated 
in acetone solution at room temperature with dimethylbenzylamine gave a 
product (XI) which was hydrogenated to chlorpromazine (VII). 



VIII 




Cl 


CH a 
H a 




CH a OH 

IX 



X 


(CH a ) 3 Me a NCH a Ph(SO a Me) 

XI 



50 


THE CHEMISTRY OP DRUGS 


Properties. The free base is usually an oil boiling at 210° to 225° at 0*7 mm. 
but it has been obtained crystalline when it melts at 57° to 58° (25a). The hydro¬ 
chloride melts at 192° to 195° and is a white crystalline powder soluble in water 
(1 in 25), ethanol and chloroform; insoluble in ether or benzene. 

Other phenothiazine derivatives. The following compounds have also 
been introduced as tranquillisers: 

3-chloro-10[3-(l-methyl-4-piperazinyl)propyl]phenothiazine (prochlorpera sr- 
me)\ 10-(l-methyl-3-piperidylmethyl)phenothiazine ( mepazme ) and 10-(3-dime- 
thylaminopropyl)phenothiazine {promazine). 

Captodian, 4 - Butylmercaptobenzhydryl - 2 - dimethylaminoethyl sulphide 
hydrochloride. CgjH^NSj.HCl. (XII). 

Preparation. Dimethylaminoethyl chloride is condensed with 4-butyl- 
mercaptobenzhydryl mercaptan in ethanol in the presence of sodium ethoxide; 
sodium chloride is filtered off and the solution on evaporation yields the crude 
base from which the hydrochloride is prepared (26). 

o 

CH.S.(CH),NMe,.HCl 



Properties. The hydrochloride is a white solid melting at 131° to 132°. This 
compound bears a formal resemblance to antihistaminic benzhydryl ethers such 
as diphenhydramine. 

Pipadrol hydrochloride. 2-Piperidylbenzhydrol hydrochloride. 

CigHjjON.HCl.HjO. (XIII). 

Preparation. The Grignard compound formed from 2-bromopyridine and 
magnesium is reacted with benzophenone and the diphenyI-2-pyridiine methanol 
hydrochloride so obtained is reduced (27,28) to pipadrol which is the correspond¬ 
ing piperidine compound (IX). 



1. Grignard 
-► 

2. Reduction 



XIII 
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Properties. The hydrochloride is a white powder with a bitter taste. It melts 
at 308° to 309°; it is soluble in hot water (1 in 60) and in ethanol. 

Pipadrol is a stimulant of the central nervous system. The corresponding 
4-piperidyl isomer (azacyclonal) has also been used in medicine. 

Benactyzine hydrochloride. Diethylaminoethyl benzilate hydrochloride. 
C 8 oH tt 0 8 N.HCl. (XIV). 

Preparation. The ester may be prepared by transesterification of a benzilic 
acid ester with diethylaminoethanol (29); by the reaction between potassium 
benzilate and diethylaminoethyl chloride hydrochloride (30) or by the Horen- 
stein-Pahlicke reaction (31 to 33). In the last method benzilic acid and diethyl¬ 
aminoethyl chloride are heated in boiling riopropanol for 2 hours and the 
benactyzine hydrochloride which forms is filtered off and recrystallised from 
riopropanol. This esterification technique is useful for the preparation of esters 
from acids, such as benzilic acid, which contain reactive functional groups. 



Properties. Benactyzine melts at 54° and boils at 149° to 151° at 0*01 mm. 
The hydrochloride which is a white crystalline solid sparingly soluble in water 
melts at 177° to 178°; the methobromide melts at 169° to 170° and the metho- 
chloride at 184° to 185°. 

Methylphenidate. Methyl-(phenyl-2-piperidine acetate). C 18 H la 0 2 N. (XVI). 

Preparation . Benzyl cyanide is condensed with 2-chloropyridine in toluene 
with sodamide as condensing agent (34) and the resulting nitrile is hydrolysed to 
phenyl-2-pyridineacetamide (XV) which is hydrogenated to a piperidine deriva¬ 
tive and then hydrolysed by boiling hydrochloric acid to phenyl-2-piperidine 
acetic acid which is esterified (35) in the usual manner to the methyl ester 
hydrochloride (XVI). 

Methylphenidate hydrochloride melts at 208° and the ester base boils at 135° 
to 137° at 0-6 mm. 


^Ach,cn 

O cl 

N 




HC1 

XVI 
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Ectylurea. 2-EthyIcrotonylurea. C 7 H 12 0,N,. (XVII). 

Preparation. 2-Ethylcrotonylurea exists in cis and tram isomers; the higher 
melting form is the one required; it is prepared from carbromal (see p. 15) by 
the following method (36). Carbromal is dehydrohalogenated in isopropanol by 
means of silver oxide. The ectylurea obtained by concentration of the solution 
melts at 189° to 190*5°; recrystallisation from ethanol raises the melting-point to 
197° to 198° (37). 


Et 



CONHCONHj 


Br 


> Et—C—CONHCONHj 

Me—(H h 

XVII 
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CHAPTER IV 


Anaesthetics 

LOCAL ANAESTHETICS 

Local anaesthetics produce a localised insensitivity to pain. Surface anaesthesia 
may be produced by cold. Freezing may be effected by the evaporation of volatile 
liquids, and ethyl chloride is commonly used for minor operations on the tissues 
near the surface of the skin where a transient effect is all that is necessary. A 
more important group of local anaesthetics is that comprising the drugs which 
exert their paralysing effect on sensory nerve endings. These drugs when 
injected subcutaneously, anaesthetise an area round the site of injection, the 
effect lasting for an hour or more. They are thus particularly suitable for dental 
extractions. On the other hand, when they are injected into a central nervous 
organ, they block the transmission of impulses to or from the portion of the 
organ involved and thus regions of the body may be anaesthetised. 

Many drugs have a local anaesthetic action. The alkaloid cocaine (I) (see 
p. 253) was the original drug used for this purpose and most synthetic local 
anaesthetics bear some relation to its structure. The removal of the carbo- 
methoxy group from cocaine yields tropacocaine (II) which also has a powerful 
local anaesthetic action. Experiments with piperidine derivatives simulating the 
portion to the left of the dotted line in II led, in 1896, to the introduction of 
benzamine (i.e. eucaine) (III). 
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Meanwhile, the work of Einhorn led in 1897 to the introduction of benzocaine 
or ethyl 4-aminobenzoate (IV) and in 1898 to the introduction of Orthoform p 
(V) and Orthoform New p (VI) (now named Orthocaine). 


COOEt COOMe COOMe 



NH* NH 2 OH 

IV V VI 


On testing a number of />-aminobenzoates it was found that an increase of the 
length of the alkyl chain produced an increase in anaesthetic action and the 
butyl ester is still in use. 

A more important discovery of Einhorn was that of the effectiveness of 
the dialkylaminoalkyl esters of p-aminobenzoic acid leading in 1905 (1) to the 
important drug, procaine (VII). A very large number of modifications of the 
structure of procaine has been made and tested and the most valuable are in 
clinical use. The table gives a list of the more important members of this series 
based upon the general formula (VIII). 


COO. CHjCHgNEtjj 



NH 2 


VII 


COO.fCRaRVWR 2 



NR 6 R # 


VIII 


Name 

-N^R* 

—(CR*R*) n — 

-ooc.c,h 4 .nr»r» 

> rocaine 

-NEt, 

-(CH,),- 

-QOC.C,H 4 .NH, (1 : 4) 

dydroxyprocaine 

-NEt, 

-(CH,),- 

— OOC.C,H,.(OH). NH* 
(1:2:4) 

’arethoxycaine 

-NEt, 

-(CH,),- 

—OOC. C,H 4 . OEt (1 : 4) 

^methocaine 

—NMe, 

-(CH,),- 

-OOC.C,H 4 .NH.Bu 

(1:4) 

iydroxy- 

methocaine 

— NMe, 

-(CH,),- 

-OOC.C,H,.(OH)NH.Bu 

(1:2:4) 

Jutacaine 

— NBu, 

-(CH,),- 

-OOC.C,H 4 .NH, (1 : 4) 

Jutamin 

-NMe, 

-CH.CHMeCHMe- 

-OOC.C,H 4 .NH, (1 ; 4) 

iutethamine 

— NHCH.CHMe, 

-(CH,),- 

-OOC.C 6 H 4 .NH, (1 : 4) 

procaine 

-NEt, 

— CH,CMe,CH, — 

-OOC.C 4 H 4 .NH, (1 : 4) 

^mylocaine 

-NMe, 

— CH,. C(Me)Et — 

-OOC.C.H, 

^mydricaine 

-NMe, 

— CH,.C(Et). 

CH.NMe, 

— OOC.C,H s 

^pothesine p 

-NEt, 

-(CH,),- 

— OOC. CH = CH. C,H, 

‘iperocaine 

— N.C,H,.Me 

-(CH,),- 

— OOC.C,H, 


In addition to the above, we shall consider also the simple alkyl esters of 
4-aminobenzoic acid and some compounds which do not fit into the above 
classification. 
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Many effective local anaesthetics are esters formed by the reaction of alcohols 
or amino-alcohols with benzoic or 4-aminobenzoic acid. The alcohols may be 
primary, secondary or tertiary. The amino group of the amino-alcohol may be 
secondary or tertiary, and may be attached to a simple or bridged ring system. 

The preparation of amino-esters is not always simple, for the amino group tends 
to combine with the acid and with the esterification catalyst Sometimes the 
amino group can be protected during the esterification by converting it to its 
hydrochloride: 

R.COOH + HO(CH 1 ) n NR , 2 .HCl -► R.C00(CH 2 ) n .NR' 2 .HCl + H 2 0 

When this reaction can be carried out in a solvent which dissolves the amino- 
alcohol hydrochloride, then high yields are obtained. Alternatively, a lower 
ester such as a methyl ester of the acid can be made first and this, on alcoholysis 
with the amino-alcohol, gives the amino-ester. The reaction is usually carried 
out in the presence of a sodium alkoxide. 

NaOMe 

R.COOMe + HOfCH^NR'*-> R.COO(CH 2 ) n NR' 2 + MeOH 

Often the acid is first converted to a chloro-ester which, on reaction with the 
appropriate amine leads to the required amino-ester. 

HNR' 2 

R. COOH + HO(CH 2 ) n Cl-► R.COO(CH 2 ) n Cl-► R.COOfCHJJSIR', 

An interesting method for the preparation of amino-esters involves the 
preparation of the salt of the acid with an amino-alkyl halide, which on being 
heated gives the amino-ester hydrochloride. This is known as the Horenstein- 
Pahlicke reaction. 

R. COOH + R' a N(CH 2 ) n Cl-► R.COO.HNR' 2 (CH 2 ) n Cl 

heat 

-* R. COO(CH 2 ) n NR' 2 . HC1 

Where the acid to be esterified is an aromatic amino-acid, it can be esterified 
as a nitro-acid, and the nitro group reduced to the required amino group. 


COOH 



N0 2 


+ EtOH 



Examples of the above methods will be found in the preparative procedures 
for local anaesthetics. 

Benzocaine. Ethyl 4-aminobenzoate. C 9 H u 0 2 N. (IV). 

Preparation. 4-Nitrobenzoic acid is the key intermediate required for the 
preparation of benzocaine and all other anaesthetics based on 4-aminobenzoic 
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acid. Toluene is nitrated with nitric acid to a mixture of 1- and 4- nitrx'o- 
toluene and the 4- compound is separated and oxidised to 4-nitrobenzoic 
by sodium dichromate in 80 per cent sulphuric acid (2). Then the nitro acid 
esterified with ethanol in the presence of sulphuric acid and finally the 4 -nitro 
group is reduced to a 4-amino group. This reduction has been carried out cata - 
lytically (3), electrolytically (4), and by means of tin and hydrochloric acid (5) - 
The method involving the use of iron filings and acetic acid is the most usual 
one (2, 6). 

Properties. Benzocaine is soluble in alcohol, ether or chloroform and almost 
insoluble in water. It has a m.p. of 90°. A dilute solution in hydrochloric acid 
gives a precipitate with iodine solution but not with mercuric potassium iodide 
solution. Benzocaine is relatively insoluble and slowly absorbed, and is used 
therefore in dusting powders and ointments. 

Butyl 4-axninobenzoate. CuH 16 O a N. (IX). 

COOBu 



NH a 

IX 


This is the butyl ester corresponding to benzocaine and may be prepared by 
similar methods. 

Properties. Butyl 4-aminobenzoate is soluble in alcohol, ether or chloroform 
and almost insoluble in water. It has a m.p. of 57° to 59°. On adding a solution 
of iodine to butyl 4-aminobenzoate in hydrochloric acid, a dark brown precipitate 
is formed, and slowly crystallises to give large brown prisms. The picrate (m.p. 
109° to 110°) is also used as a local anaesthetic. 

Orthocaine. Methyl 3-amino-4-hydroxybenzoate. C 8 H 9 0 3 N. (X). 

Preparation. Orthocaine is prepared by the reduction of the corresponding 
nitro compound, or by the reduction of 3-nitro-4-hydroxybenzoic acid and 
esterification of the product with methanol. Methyl 3-nitro-4-hydroxybenzoate 
is formed by nitration of methyl 4-hydroxybenzoate with dilute nitric acid. 


COOMe 



OH 


HNO a 


COOMe COOMe 



X 



Properties. Orthocaine is slightly soluble in water and more soluble in 
ethanol. It has a m.p. of 141° to 143°. A solution in dilute hydrochloric acid 
gives no precipitate with a solution of iodine nor with a solution of mercuric 
potassium iodide, and it is thus distinguished from local anaesthetics of the 
procaine type, and from benzocaine. 
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Procaine. 2-Diethylaminoethyl 4-aminobenzoate. C 18 H t o0 3 N s . (XIV). 
Preparation. Einhorn described the preparation of procaine in 1909 (7). It 
has been prepared (8) by the following method: 


COC1 



NO, 

XI 


HO(CH,),Cl 
-> 


CO.O(CH,),Cl 



NO, 

XII 



CO. 0(CH,),NEt, 


H 


XIII 


CO. 0(CH,),NEt, 


XIV 



4-Nitrobenzoyl chloride (XI) is reacted with ethylene chlorhydrin and the 
resulting 2-chloroethyl ester (XII) reacted with diethylamine to give 2-diethyl- 
aminoethyl 4-nitrobenzoate (XIII). This, on reduction, yields procaine (XIV). 

An alternative method using the ester-exchange reaction between benzocaine 
and diethylaminoethanol has been described (9) and follows the reaction scheme 
shown: 


CO.OEt 



Na 

+ HO(CH,),NEt, -► 


CO. 0(CH,),NEt, 



+ EtOH 


XIV 


Properties . Procaine is chiefly used as the hydrochloride which has a m.p. of 
154° to 156°. The base is precipitated by adding sodium hydroxide or sodium 
carbonate to a solution of the hydrochloride and when anhydrous it has a m.p. 
of 60° to 61°. A solution of the hydrochloride immediately decolorises potassium 
permanganate solution, and this test distinguishes procaine from cocaine. When 
diazotised and coupled with 2-naphthol, a scarlet azo compound is formed. Pre¬ 
cipitates are formed on addition of either a solution of iodine or of mercuric 
potassium iodide to procaine hydrochloride. 

Amethocaine hydrochloride. Tetracaine hydrochloride. 2-Dimethyl- 
aminoethyl 4-butylaminobenzoate hydrochloride. C 16 H, 4 0,N,.HC1. (XVII). 

Preparation. Einhorn’s method (9) is as follows: 

COOEt COOEt 

A B “ Br > A + HO(CH,),NMe, 

\/ Na.CO, \/ 

NH, NHBu 

XV 
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-,aOEt 


COO(CH 2 ) 2 N Me, 



HC1 


XVII 


XVI 

_air>e ] s alkylated by means of n-butyl bromide in the presence of sodium 
a little copper powder, and the resulting 4-butylamino compound 
^rbonat^ r eactedwithdimethylaminoethanolin the presence of sodium ethoxide 
(XV) is * e et jiocaine (XVI) which is converted to the hydrochloride (XVII). 
to y» e ^ at p eS Amethocaine has a m.p. of 42° to 45°. The hydrochloride has a 
to 132°. When diazotised and coupled with 2-naphthol a white 
rn-P- °* ■ formed. Solutions of the hydrochloride undergo decomposition 

precipitate^^ 

when e 3 -Dibutylaminopropyl 4-aminobenzoate. C 18 H 30 N 2 O 2 . (XIX). 

Butac ^ j t j ias been claimed (11) that butacaine may be prepared by the 
P^ r of 4 -nitrobenzoyl chloride with 3-dibutylaminopropanol and reduction 
ester to the required amino ester. This reaction sequence is as 


reaction 

of the nitro 
follows: 

COC1 

X 


CO.O(CH 2 ) 3 NBu 2 



HO(CH 2 ) 3 NBu 2 


NO. 



CO.O(CH 2 ) 3 NBu 2 

X 


XIX 



In a second method (12) the 3-chloro ester (XVIII) is made and reacted with 
i uty amine to produce the 4-nitro compound corresponding to butacaine and 
on reduction the 4-amino compound is obtained. 


COO(CH 2 ) a C\ 


COO(CH 2 ) 3 NBu 2 



Bu,NH 



XV1U 


NO, 
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Properties. Butacaine is an oil at ordinary temperatures. It is usually employed 
as the sulphate B 2 .H 2 S0 4 which has a m.p. of 100° to 103°. The hydrochloride 
melts at 104° to 105°. Solutions of butacaine salts give a white precipitate with 
potassium mercuric iodide and a red compound when diazotised and coupled 
with 2-naphthol. 

Piperocaine. 3-(l-Methylpiperidyl)propyl benzoate. C 18 H 88 0 2 N. (XXI). 

Preparation. Piperocaine is made (13) by reacting together 2-methylpiperidine 
and 3-chloropropanol to give 3(l-methylpiperidyl)propanol (XX) which is then 
benzoylated with benzoyl chloride to produce piperocaine (XXI). 2-Methyl- 
piperidine may be obtained by catalytic reduction of 2-methylpyridine. 



Cl(CH a ),OH 
->. 


HO(CH 1 ),N^> 

Me 

XX 


C s H 6 COC1 
- > 


COO(CH^,N' / \ 



IVIe 


XXI 


Properties. Piperocaine is used chiefly in the form of the hydrochloride which 
has a m.p. of 172° to 175°. In aqueous solution it gives precipitates with either 
iodide, mercuric potassium iodide, picric acid or gold chloride solutions. On 
addition of alkali to an aqueous solution of the hydrochloride the base separates 
as an oil. 

Hexylcaine hydrochloride. 1 -cyc/oHexylamino-2-propyl benzoate hydro¬ 
chloride. C 18 H 28 O a N.HCl. (XXIV). 

Preparation. The l-cycfohexylamino-propan-2-ol (XXII) required for the 
synthesis of hexylcaine has been made (14) by the following method: 


Me 


—. J EtOH /O -CHMe 

<^)>=o + h 2 n.ch 8 .ch.ch 2 .oh-► V^ C \ NH 


XXII 


Me 


—/^>nh.ch 2 .c1h.oh 

Pt0 8 


XXIII 
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ryr/oHexanone and 3-amino-2-methylbutan-l-ol are mixed in absolute 
ethanol and the oxazolidine (XXII) formed is reduced with hydrogen irx the 
presence of Adam’s catalyst to give the required amino-alcohol (XXIII). This 
amino-alcohol is then converted in chloroform solution to its hydrochloride and 
benzoyl chloride in chloroform is added and the mixture warmed (15). Hexyl- 
caine hydrochloride (XXIV) is so obtained and can be converted to hexylcaine: 


COC1 



Me 

A 


HOCHCH-HN 


XXIII 


o 


HC1 


CHCL 



HCH 2 HN 

I 


<0 


HCI 


XXIV 


Cinchocaine. Dibucaine. 2-Diethylaminoethylamide of 2-butyloxycirx— 
choninicacid. C 20 H n O 2 N ? . (XXVII). 

Preparation. 2-Chlorocinchoninic acid chloride (XXV) is condensed with 
flrym.-N-diethylethylenediamine (XXVI) and the product is treated (16) with 
sodium butoxide to yield cinchocaine (XXVII). 


C0C1 

C1 + H 2 N(CH 2 ) 2 NEt 2 
XXV XXVI 




CO.HN(CH 2 ) 2 NEt a 

Vc, 


CO. HN(CH 2 ) 2 NEt 2 



Properties. Cinchocaine is a little unusual since, instead of being an au 11110 
ester like the other local anaesthetics described above, it is an amide of* 
aromatic acid with an aliphatic amine. It is used as the hydrochloride B - El 4 — * 
which occurs as colourless hygroscopic crystals which are very soluble in ^* 

Cinchocaine base melts at 64° and the hydrochloride at 95° to 100°. 
perchlorate has a m.p. of 132°. 

Lignocaine. Lidocaine. Diethylamino-2 : 6-xylidide. C 14 H 22 ON 2 . (50^5^-)• 
Preparation. This compound was introduced as a result of the work _ 0 
Lofgren (17). It is prepared in the following manner (18). 2 : 

(XXVIII) is dissolved in cooled glacial acetic acid and chloroacetyl chloride 1 
added with vigorous stirring. Sodium acetate or some other neutralising 
is added and the product (XXIX) is filtered and dried. It is then reacted ’' vl 
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diethylamine in benzene solution and the lignocaine (XXX) formed is isolated 
and purified by distillation in vacuo. 

NH t NH.CO.CHgCl 

Mejj^jMe Cl.CHgCOCl Me^|Me 

XXVIII XXIX 

NH.CO.CH g NEt g 
EtgNH Mej^jjMe 

XXX 

In an alternative procedure (19), diethylaminoacetyl chloride (XXXI) prepared 
from the corresponding acid is condensed with 2 : 6-xylidine: 


SOClg + Et a N. CH a COOH 


EtgN. CHg.COCl 
XXXI 


Properties . Lignocaine base is a white crystalline solid of m.p. 67° to 68° and 
b.p. 183°/4 mm. Its hydrochloride has a m.p. of 128° to 129° and its mono* 
hydrate melts at 77° to 78° (20). The picrate melts at 231° to 232°. 

Like cinchocaine, lignocaine is also an amide, but in a reverse sense, for it is 
an amide of an aliphatic acid and an aromatic amine. 

Diperodon. 3 -Piperidylpropanediol diphenylurethane. C t2 H i7 0 4 Ng. 
(XXXIII). 

Preparation . 3-Piperidylpropan-l : 2-diol (XXXII) is reacted with phenyl 
uocyanate in an inert solvent to yield diperodon (XXXIII). 


CH,-N^> 


CH,-N^> 


CH.OH 


d:H t . 


+ 2C,H,N.CO —► CHO.CONH.C.H, 

OH CH,.O.CONH.C,H I 

XXXII XXXIII 


Properties. Diperodon is used as the hydrochloride B. HQ which has a m.p. 
of 195° to 200°. The base is an oil at ordinary temperatures. 

GENERAL ANAESTHETICS 
Ether* Diethyl ether. C 4 H 10 O. 

Preparation. Ethyl alcohol vapour is passed into a heated mixture of sulphuric 
and ethylsulphuric acids: 


CgHgOH + H,S0 4 
CgHg.HS0 4 + CgH a OH 


-► C,H 6 .HS0 4 + HgO, 
CgHg.O.CgHg + H,S0 4 
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A mixture of 30 parts by weight of sulphuric acid with 20 parts of 85 per cent 
ethyl alcohol is heated to 120° in a copper still. Ethyl alcohol vapour from a second 
vessel is then blown in, and the temperature of the reaction is carefully regelated 
at 128°. The vapour from the reaction consists of a mixture of diethyl ether, 
ethanol and water. It is passed into a scrubber containing a solution of caustic 
soda, and then through a fractionating column where ethanol and water are 
condensed and the ether vapour passes to a condenser and cooler and is 
collected. 

Ether is also obtained as a by-product in the hydration of ethylene to ethanol. 

Ether that is to be used for anaesthetic purposes needs to be rigorously purified 
by careful fractionation. The chief impurities are water, ethanol, aldehydes, 
ketones, vinyl alcohol and ethyl peroxide. 

Properties. Diethyl ether is a very volatile colourless liquid with a charac¬ 
teristic odour. It boils at 34-9° and has a wt. per ml of 0-7135 g at 20°. Ether 
is a valuable solvent for organic compounds. It is soluble in water and 1 part 
of ether dissolves in 10 of water; conversely 3 parts of water dissolve in lOO of 
ether. Diethyl ether is miscible with chloroform or ethanol and concentrated 
hydrochloric or sulphuric acids. On standing, especially when exposed to light, 
ether forms peroxides. These compounds are highly explosive and dangerous 
accidents have occurred when ether which has been stored for too long has been 
distilled. Therefore, ether is stored in amber bottles and a small quantity of 
stabiliser such as diphenylamine is added. The B.P. allows the addition of not 
more than 0-002 per cent w/v of the stabiliser. 

Ether has the advantage in anaesthesia that it induces muscular relaxation ns 
well as causing unconsciousness. 

Vinyl ether. Divinyl ether. C 4 H 6 0. 

Preparation. 2 : 2'-Dichlorodiethyl ether is reacted with caustic potash and the 
product is purified. 

C1CH 2 . CH 2 .0. CH 2 . CH 2 . Cl + 2KOH —> CH 2 =CH. O. CH=CH 2 

+ 2KC1 + 2H 2 0 

Properties. Divinyl ether was first prepared in 1887 and its anaesthetic 
properties were discovered in 1930. It was introduced into clinical anaesthesia 
in 1933. It has a b.p. of 28° to 31° and a wt. per ml at 20° of 0-770 to 0-778 

Divinyl ether is a volatile, colourless, inflammable liquid with a characteristio 

odour. It is miscible with ethanol, diethyl ether and with chloroform. For rise ^ 
an anaesthetic it contains about 4 per cent of anhydrous ethanol and 0-01 per cent 
of phenylnaphthylamine to prevent oxidation. It is stored in amber bottles- 
When warmed with dilute sulphuric acid, divinyl ether yields acetaldehyde- 

Methyl propyl ether. c 4 h 10 o. 

Preparation . Williamson’s ether synthesis may be used. Propanol is reacts 
with sodium to give sodium propoxide which is then reacted with methyl 
Methyl propyl ether and sodium iodide are obtained. 


CH a .CH a .CH 2 . ONa + CH a I > Nal + CH 3 . OCH 2 . CH 2 . CH 3 
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Properties. Methyl propyl ether is a colourless inflammable volatile liquid with 
a b.p. of 39° and wt. per ml at 16° of 0*726 g. 100 ml of water dissolves 5 ml 
of the ether. It was introduced as a general anaesthetic in 1946. 

Cyclopropane. Trimethylene. C S H„. 

Preparation. 1 : 3-Dibromopropane may be treated with zinc dust in 75 per 
cent ethanol at 50° to 60°. 

Properties. cyc/oPropane is a colourless inflammable gas which at normal 
temperatures has a b.p. at 760 mm. of —34*5°. Therefore it is supplied under 
pressure in cylinders. One volume is soluble in 2*7 volumes of water at 15°. 
It is very soluble in alcohol, ether and chloroform, and is absorbed by sulphuric 
acid. 

Chloroform. Trichloromethane. CHC1 S . 

Preparation. For the production of chloroform for anaesthetic purposes the 
reaction between ethanol and bleaching powder may be used. It is a complex 
reaction in which the ethanol is oxidised to acetaldehyde which is then 
converted to chloral and hydrolysed. Acetone is commonly used in place of 
ethanol. 

ci 2 h 2 o 

C 2 H 6 OH-► CH a CHO -► CCI 3 CHO -► CHC1 S + H.COOH 

Properties. Chloroform is a colourless, heavy, volatile liquid with a charac¬ 
teristic odour and a sweet burning taste. When pure, it has a b.p. of 61*2° and 
a wt. per ml at 20° of 1*489 g. It is liable to decompose on exposure to air and 
light and the poisonous phosgene COCl 2 is formed. Therefore Chloroform B.P. 
contains 2 per cent v/v ethanol and has a wt. per ml of 1*474 to 1*479 g and 
boils chiefly at 60° to 62°. When warmed with aniline and alcoholic potassium 
hydroxide, chloroform gives the powerful and objectionable odour of phenyl 
trocyanide. This test which is called the carbylamine reaction is given by many 
compounds with compositions similar to that of chloroform. 

Chloroform is a toxic substance and greatly weakens the heart; because of its 
disadvantages it is seldom used. 

Nitrous oxide. N 2 0. 

Preparation. Ammonium nitrate is decomposed by heat to give water and 
nitrous oxide. 

NH 4 NO s -► N 2 0 + 2H a O 

The decomposition begins at a temperature below 200° and the reaction is 
exothermic. If heated above 250°, the salt may explode. The gas is purified 
from nitric oxide by passage through a solution of potassium permanganate and 
from chlorine with caustic soda. It is liquefied by compression and stored in 
steel cylinders. 

Properties. Nitrous oxide is a colourless gas with faint sweetish odour and 
taste. 1 volume of water at 20° dissolves 0*67 volume of nitrous oxide and 
1 volume of ethyl alcohol dissolves 3*025 volumes of nitrous oxide. The b.p. of 
liquid N 2 0 is —88*7°. It supports combustion more vigorously than air. 
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CHAPTER V 


Sympathomimetics and 
Adrenergic Blocking Agents 

SYMPATHOMIMETICS 

The sympathomimetics are drugs which induce bodily responses similar to those 
following stimulation of the sympathetic nervous system. They are thus auto¬ 
nomic drugs. The substances adrenaline (I), noradrenaline (II), and ephedrine 
(IX) are natural products and are treated in Part II. Noradrenaline is now known 
to be the chemical mediator of sympathetic impulses, as acetylcholine is of 
parasympathetic impulses. Isoprenaline (III) or a very similar compound has 
also been detected in the body (1). 

The aromatic sympathomimetics are derivatives of phenylethylamine and may 
be classified into those with two, one and no benzenoid hydroxyl groups. The 
last class includes compounds such as amphetamine, which are central stimulants. 
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CH a CH.NH.Me 

I 

Me 

XVI. Cyclopentamine 
CH 2 

/ \ 

Me CH.CH g .CH.NH 

I 

Me Me 

XVIII. Methylhexaneamine 

There are also aliphatic amines which have sympathomimetic action. In general, 
these drugs relax the tone of smooth muscle, constrict peripheral blood vessels 
and stimulate the heart. 

The methods of preparation are fairly simple and generally follow the same 
pattern. The table shows the relationship between the chemical structures of the 
compounds described in this chapter. 

Isoprenaline. Isoproterenol. Isopropylarterenol. 1 - (3 : 4 - Dihydroxy— 
phenyl)-2-isopropylaminoethanol. C n H 17 N0 3 . (III). 

Preparation. Catechol is converted to 4-chloroacetylcatechol by reaction with 
chloroacetyl chloride in boiling benzene in the presence of phosphorus oxy¬ 
chloride (2). The 4-chloroacetylcatechol is condensed with isopropylamine and 
the compound is reduced to isoprenaline (3). An alternative route via 3:4-diace to xy— 
acetophenone has been described (4). 
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CH a CH a .CH a .CH.NH a 
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Me Me 

XVII. Tuaminoheptane 

N-CH a 
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NH-CH a 
XIX. Naphazoline 
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Properties. Isoprenaline hydrochloride is a white crystalline solid with ^ 
m.p. of 170° to 172°. It is soluble in water and in ethanol, and slightly soluble * 
benzene or ether. An aqueous solution becomes pink on standing. The sulp 
has a m.p. of about 128° (dec.); it is hygroscopic, whereas the hydrochloti 
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This drug was introduced in 1940. Its salts when administered sublingually 
or by oral inhalation are effective in the treatment of asthma, for they are effective 
bronchodilators and cause little rise in blood pressure. 

Phenylephrine. (—)-1 -(3-Hydroxyphenyl)-2-methylaminoethanol. 

C^HuNO,. (VI). 

Preparation. 3-Hydroxymethylaminoacetophenone hydrochloride which may 
be obtained by a six-stage synthesis from acetophenone (5) is reduced with 
hydrogen in the presence of palladium to (i)-phenylephrine (6). 

|^jCOCH t NHMe 
HO 


H /\cHOH.CH a .NHMe 


HO 


VI 


The racemate may be resolved by means of (-f-)-tartaric acid (5) or with 
bromocamphorsulphonic acid (7). It is of interest that the (-j-)-base bitartrate 
obtained by the former method is converted to the required (—)-compound by 
refluxing with acetic anhydride. A Walden inversion occurs and the (—)-acetate 
so obtained can be converted to the hydrochloride. 

Properties. Phenylephrine hydrochloride is a white crystalline powder which 
gives an acid solution in water. It has a m.p. of 141° to 144°, and gives a purple 
colour with ferric chloride solution. This drug is active on injection or when 
administered orally. It is a vasopressor that has no effect upon the central 
nervous system, and it is one of the safest drugs for use during spinal anaesthesia. 
It has also been employed for symptomatic relief of hay-fever. 

Hydroxyamphetamine. 2-(4-Hydroxyphenyl)wopropylamine. C # H 13 N0. 
(VII). 

Preparation. 4-Methoxybenzylmethyl ketoxime is reduced and the methoxy 
group hydrolysed (8). 


MeO 


0 CH,C=NOH *• H « 

if. 2. H,0 


HO 



\cH a .CH.NH a 


Me 

VII 


Properties. Hydroxyamphetamine base melts at 127° to 129°. The drug is 
employed in the form of its hydrobromide which is a white crystalline solid 
melting at 189° to 192°. It gives a purple colour with ferric chloride solution. 
Hydroxyamphetamine has no central stimulatory action and is used for its 
peripheral effect as a mydriatic. 

Pholedrine. 2-(4-Hydroxyphenyl)-N-methylisopropylamine. C 10 H„NO. 
(VIII). 

Preparation. Anisylacetone is reductively aminated by methylamine in the 
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presence of activated aluminium and the methoxy group is then hydrolyse ci to 
give pholedrine (9). 
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VIII 


Anisylacetone is obtained in a five-step synthesis from anisole (10). 

Properties. Pholedrine base melts at 162° to 163° and its picrate at about 1 55 °- 
The sulphate which is used therapeutically has a m.p. of 320° to 323°. It has 
been employed as a circulation stimulant following surgical shock, and in the 
treatment of central depression. 

Phenylpropanolamine. (±)-Norephedrine. (±)-2-Amino-l-phenylpto- 
panol. C*H ia NO. (X). 

Preparation. 2-Amino-l-phenylpropanol has two asymmetric carbon atoms 
and therefore exists in two racemic forms. These correspond to the threo and 
erythro forms of chloramphenicol. Noi^ew^/oephedrine (IX) is the threo and 
norephedrine is the erythro compound. 


H NH 2 
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IX 
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OH NH a 
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Phenylpropanolamine alone is obtained when wonitrosopropiophenorie 
reduced either with palladium on charcoal and hydrogen (11, 12) or with *” 

aluminium alloy and caustic soda (13). 


0 CO.C=NOH 
Me 


H 

—* X 


Other methods of preparation (14, 15) lead to a mixture of the two racern^^fl 
which may be separated by fractional crystallisation of their hydrochlorides ^ 

Properties. Phenylpropanolamine has a m.p. of 104° to 105° and the hy clr ’ ^ 
chloride a m.p. of 194°. The latter compound is soluble in alcohol or water 
is insoluble in benzene, chloroform or ether. It gives a yellow colour with re 
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chloride solution. Phenylpropanolamine benzoate melts at 143°. The hydro* 
chloride is used as a vasoconstrictor. It is applied locally and by producing 
constriction of the capillaries leads to shrinking of the swollen mucous mem¬ 
branes. 

Methoxamine. 2 : 5-Dimethoxynorephedrine. 2-Hydroxy-2-(2 : 5-dime- 
thoxyphenyl)wopropylamine. C n H 17 NO s . (XI, see table, p. 66). 

Preparation. The method of preparation is similar to that described for 
phenylpropanolamine. 2 : 5-Dimethoxyuonitrosopropiophenone is reduced to 
methoxamine (17, 18). 

Properties. Methoxamine diacetate melts at 119° to 120° and the hydro¬ 
chloride at 215°. The latter compound is a white crystalline powder that is freely 
soluble in water and slightly soluble in ether and ethyl acetate. It is a vaso¬ 
pressor, i.e. it causes peripheral vasoconstriction, and it has been used to 
maintain blood pressure during surgery. It has no cerebral-stimulating action. 

Amphetamine. (±)-2-Amino- 1-phenylpropane. C B H 13 N. (XII). 

Preparation. Amphetamine was first made in 1887 by Edeleanu (19) by a 
Hofmann degradation of the corresponding amide. Modem syntheses start with 
benzyl methyl ketone (phenylacetone), which has been prepared in a variety of 
ways (20, 21, 22). It may be reductively aminated to amphetamine by means of 
hydrogen in the presence of ammonia and a catalyst (23) or with ammonium 
formate (22, 24). In the latter case the formyl derivative is obtained as an inter¬ 
mediate and on hydrolysis yields amphetamine. 

Alternatively phenylacetone is converted to its hydrazide (21) or oxime (11, 
25) and reduced to amphetamine. 



CH t CH.Me 

NH, 

XII 


Properties. Amphetamine is a liquid of b.p. 209° to 210°. It readily adsorbs 
carbon dioxide from the air. The hydrochloride melts at 146° and the picrate at 
128°. The phosphate, C 9 H ia N .H 8 P0 4 , is sometimes used in medicine, but the 
sulphate, (C # H 18 N) 2 . H a S0 4 , is more commonly employed. It is a white 
powder of m.p. 315° (dec.) and is freely soluble in water and slightly soluble in 
ethanol. 

Amphetamine has a stimulating effect upon the central nervous system. 
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Dexamphetamine. (-|-)-2-Amino-1-phenylpropane. C 9 H 18 N. (XII). 

Preparation. Amphetamine may be resolved with (+)-tartaric acid (24, 26}- 
The sulphate has a specific rotation of -(-21 *8°. 

Properties. Dexamphetamine is unusual in being a (-(-)-isomer which is mox"^ 
active pharmacologically than the corresponding (—)-isomer. The reverse i s 
usually the case. 

Methamphetamine. (-f )-Deoxyephedrine. (+)-2-Methylamino-1 -phe nyl — 
propane. C 10 H 16 N. (XIII). 

Preparation. The method is similar to that used for the preparation of 
amphetamine. Phenylacetone is reduced in the presence of methylamine to give 
the (di)-compound (27). This is resolved through the tartrate (28, 29). Since 
methamphetamine is deoxyephedrine, it may also be obtained (30, 31) by 
reduction of ephedrine. 


0 CH 2 CH. Me 

NHMe 
XIII 

Properties. Methamphetamine has a b.p. of 212° to 215°. The hydrochloride 
melts at 182°, the picrate at 144° to 145° and the aurochloride at 127° to 128°. 

The hydrochloride which has a specific rotation of -(-16° to +18°, has the 
ability to stimulate the central nervous system and is therefore used to combat 
depressive conditions. It is a vasopressor. 

Phenylpropylmethylamine. (±)-l-Methylamino-2-phenylpropane. 

C 10 H 16 N. (XIV). 

Preparation. 2-Phenylpropyl chloride is condensed with methylamine in 
methanol at 130° under pressure (32). 
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The 2-phenylpropyl chloride has been made by a reaction between allyl 
chloride and benzene (33) and indeed it has been claimed that benzene and 
N-methylallylamine may be reacted together in the presence of aluminium 
chloride to give phenylpropylmethylamine directly (34). 
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An alternative procedure (35) is that in which 2-phenylpropylamine is con 
verted to its Schiff’s base, methylated, hydrolysed and basified to give phenyl 
propylmethylamine. 

O CH.CH.NH, C,H,CH ° |j^CH.CH t N==CHC,H, 

Me Me 

Schiff’8 base 

Mel 


Properties. Phenylpropylmethylamine is a liquid of b.p. 205° to 210° which is 
soluble in ethanol, benzene or ether and slightly soluble in water. An aqueous 
solution is alkaline. The hydrochloride melts at 148° to 149° and the picrate at 
155°. The base is used by inhalation to produce nasal constriction. It has little 
effect upon the central nervous system. 

Methoxyphenamine. 1 -(2-Methoxyphenyl)-2-methylaminopropane. 

C u H lv NO. (XV, see table, p. 66). 

Preparation. The method is analogous to that employed for the preparation of 
phenylpropylmethylamine (35). 2-(2-Methoxyphenyl)tropropylamine is re* 
acted with benzaldehyde to give the Schiff’s base which is methylated and 
hydrolysed. 

Alternative methods have been published (46, 47). 

Properties. Methoxyphenamine boils at 100° to 102° and its hydrochloride has 
a m.p. of 137° to 138°. The latter substance is freely soluble in ethanol, chloro¬ 
form or water and is slightly soluble in ether or benzene. It is a bronchodilator 
and has been found beneficial in cases of asthma. 

Cyclopentamine. l-cyc/oPentyl-2-methylaminopropane. C # H 1# N. (XVI). 

Preparation. rydbPenty 1 acetone is reductively aminated (40). It is reduced 
by means of hydrogen and Raney nickel at 150° and 200 atmospheres in the 
presence of methylamine. 

CH.COMe H CH,.CH.Me 

LJ TT^TTp 1_J I 

MeNH, NHMe 

XVI 

Alternatively the reaction between 1 -cyc/open tyl-2-bromopropane and 
methylamine may be employed. 

Properties. The free base is a liquid of b.p. 169° to 173°. Its hydrochloride 
which melts at 113° to 116° is soluble in water, ethanol or chloroform and is 
slightly soluble in benzene or ether. It has little effect upon the central nervous 
system and is a vasopressor that is used as a nasal decongestant. 
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Tuaminoheptane. (±)-2-Heptylamine. 1-Methylhexylamine. 

(XVII). 

Preparation. Racemic tuaminoheptane is prepared by the reductive amirxat^o^ 
of heptan-2-one. 


Me 

^0=0 -► Me . (CH 2 ) 4 . CH(Me)NH 8 

/ 

c 6 h 12 

XVII 


The reaction may be carried out by means of hydrogen in the presence of 
Raney nickel and ammonia or with ammonium formate (36). In the latter case 
a formylamino compound RjRgNH.CHO is obtained, and on hydrolysis witli 
mineral acid yields the hydrochloride of the amine. 

In an alternative approach, the oxime of heptan-2-one is first prepared and is 
reduced either chemically (36, 37) or electrolytically (38) to tuaminoheptane. 

Properties. Tuaminoheptane is a liquid of b.p. 142° to 143°. The hydro¬ 
chloride melts at 133°. The sulphate which is a monohydrate has no definite 
melting-point but softens above 250°. Tuaminoheptane has a powerful vaso¬ 
constrictor action and it is employed as a nasal decongestant. 

Methylhexaneamine. (±)-4-Methyl-2-hexylamine. C 7 H 17 N. (XVIII, see 
p. 67). 

Preparation. The methods used are analogous to those described above for 
tuaminoheptane (39). 

Properties. Methylhexaneamine is a liquid of b.p. 130° to 135°. It is readily 
soluble in ethanol, chloroform, ether and dilute mineral acids, and is slightly 
soluble in water. It is used as an inhalant for decoiigestion of nasal mucous 
membranes. 

Naphazoline. 2-(l-Naphthylmethyl)-2-imidazoline. C 14 H 14 N 2 . (XIX). 

Preparation. Naphazoline is prepared by a reaction between naphthyl-1- 
acetic acid and ethylenediamine (41). 

N-CH 2 



CH,COOH 


+ h 2 nch 2 ch 2 nh 2 



The corresponding nitrile (42, 43), acid chloride (44) or thioamide (45) may 
also be used. 

Properties. Naphazoline has a m.p. of 120° and the hydrochloride a m.p. of 
258° to 259°. The latter is a white crystalline powder which is soluble in 
ethanol or water, slighdy soluble in chloroform and insoluble in ether. It is a 
potent vasoconstrictor which is used for its local effects in hay-fever and coryza. 
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ADRENERGIC BLOCKING AGENTS 

The effects caused by adrenaline in the body may be antagonised or prevented 
in several ways. When the effects of circulating adrenaline are neutralised, the 
drug used is called an adrenolytic whilst if it prevents the normal response of 
tissue receptors to the impulses from the sympathetic nervous system it is called 
a sympatholytic. If the sympathetic nervous system is blocked, then the com¬ 
pound is a ganglionic blocking agent. By a different mechanism parasympatho- 
mimetics are antagonists of adrenaline, for they simulate the effects caused by 
the parasympathetic nervous system. 

Ganglionic blocking agents which are linked chemically and historically to the 
muscle relaxants are treated together with those compounds in Chapter VII. 
Some alkaloids have an adrenergic blocking action amongst which are certain 
ergot alkaloids and yohimbine. These are treated in Part II. 

Tolazoline. 2-Benzyliminazoline. 2-Benzyldihydroglyoxaline. C l0 H lt N,. 
(XX). 

Preparation. The general methods for the preparation of 2-iminazolines such as 
naphthazoline (q.v.) apply to tolazoline. It may be obtained from the reaction 
between phenylacetic acid and ethylenediamine in the presence of concentrated 
sulphuric acid at 200° (48). 


f\cH a COOH 


+ (NH,CH 2 ) 2 



Benzyl cyanide may also be used as a starting material (42, 49). 

Properties. Tolazoline has a b.p. of 125° at 2 mm. and a m.p. of 66° to 68°. 
The picrate melts at 148*5° and the toluene-^-sulphonate at 91°. The hydro¬ 
chloride which melts at 172° to 176° is a white powder that is soluble in water, 
ethanol and chloroform. It is used as a vasodilator, mainly in peripheral vascular 
disorders, and is active orally. 

Phentolamine. 2 - N - (3 -Hydroxyphenyl )-p - toluidinomethyliminazoline. 
C 17 H 80 N 8 O. (XXI). 

Preparation. The general 2-iminazoline method (50) employing the sub¬ 
stituted diphenylaminoacetonitrile and ethylenediamine may be used or, 
alternatively, N-(3-hydroxyphenyl)-/>-toluidine can be condensed with 2-chloro- 
methyliminazoline. 
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Properties. The base melts at 174° to 175° and its hydrochloride at 23 
240°. The latter compound which is a white powder is soluble in water to gT* 
an unstable solution. It is slightly soluble in ethanol and chloroform. It: i& ^ 
vasodepressor and has been found to be beneficial in the treatment of peri 
vascular disorders. It is active orally. Phentolamine salts are used for the 
nosis of pheochromocytoma. 

Hydrallazine. 1-Hydrazinophthalazine. C 8 H 8 N 4 . (XXII). 

Preparation. 1-Chlorophthalazine and hydrazine hydrate are condexis^^ 
together in boiling ethanol (51). 
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4- (HjN) 2 .H 2 0 — 


NH.NH 2 



XXII 


Properties. Hydrallazine is a yellow powder of m.p. 172° to 173°. Its hydro¬ 
chloride which is white and has a m.p. of 273° (dec.) is soluble in water and 
slightly soluble in ethanol. It is a vasopressor and has been employed for the 
control of essential hypertension. 

Dibenzylaminoethyl chloride. C 16 H 17 N. (XXIII). 

Preparation. Benzyl chloride is condensed with aminoethanol and the 
2 -dibenzylaminoethanol hydrochloride obtained is neutralised and distilled 
in vacuo. The product is reacted with thionyl chloride to give dibenzylamino- 
ethyl chloride (52, 53). 

c,h 6 ch,ci O ch ‘\ 

HjNfCH^OH -► NfCHJjOH 

soci, < Z3 >CHs \ 

-► N(CH,),C1 

O CHi/ 

XXIII 

Properties. The base has a b.p. of 182° to 184° at 5 mm. and the hydrochloride 
has a m.p. of 194° to 195°. This compound is related chemically to the nitrogen 
mustards and is of interest because its adrenergic blocking effect is irreversible. 
It must be administered by injection. 
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CHAPTER VI 


Antispastnodics 


Antispasmodics or spasmolytics are drugs which abolish spasms occurring in 
the involuntary muscles innervated by the autonomic nervous system. This 
system is formed of sympathetic and parasympathetic nerves. The sympatho- 
lytics such as tolazoline hydrochloride which abolish the effects of adrenaline in 
the body are not discussed in this chapter. The parasympatholytics interfere 
with the action of acetylcholine, and again a division must be made. Acetyl¬ 
choline has two types of effect in the body, which are termed nicotinic and 
muscarinic. The blocking of the nicotinic activity causes relaxation of the 
voluntary muscles or ganglionic block and drugs which produce these effects are 
described in Chapter VII, as their clinical use is quite different from that of the 
antispasmodics. It is the abolition of the muscarinic effect that prevents spasm 
of involuntary muscle, and the drugs causing it are called neutropic antispas¬ 
modics. Atropine is the prototype of this group of compounds. In addition, 
some antispasmodics act directly upon the muscle cells irrespective of innerva¬ 
tion, and these drugs, of which papaverine is a typical example, are termed 
musculotropic antispasmodics. 

Since histamine has a direct stimulating action upon involuntary muscle 
cells, antihistaminic compounds are antispasmodics, but they are described in 
Chapter VIII. 

Although spasmolytic activity is not confined to one class of compound, the 
substances described in this chapter and listed in the table have a certain struc¬ 
tural similarity. Possibly they all derive ultimately from attempts to prepare a 
synthetic atropine-like compound. Atropine is an ester formed from the 
amino-alcohol, tropine, and the substituted phenylacetic acid, tropic acid, 
and the antispasmodic Trasentin p is an ester of diethylaminoethanol and 
diphenylacetic acid. Pavatrine and methantheline are condensed ring systems 
closely allied to Trasentin p in form. 

It is of interest that pethidine hydrochloride, which is now employed as an 
analgesic, has a strong antispasmodic action, and was first developed for that 
purpose. 


Name 


Formula 


Trasentin. R=Phenyl 

Trasentin H. R=rycfoHexyl 


/ 

R 




H 


^COOfCH^NEvHCl 
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Name 


Formula 


Lachesine chloride 





OH 


'\c / 

>=/ \cOO(CH 2 ) 2 NMe 2 EtCl 


Caramiphen hydrochloride 




\ 

C—COO(CH.,) 2 NEt 2 .HCl 



Pavatrine hydrochloride p 



H 

COO(CH 2 ) 2 NEt 2 . HCl 


Methanthelinium bromide 
R=Ethyl 

Propantheline bromide 
R=tfoPropyl 


o ^ Xx C y 

U\ 



H 

COO(CH 2 ) 2 NMeR a Br 


Benzhexol hydrochloride 



Procyclidine hydrochloride 
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Formula 


Diethazine hydrochloride 
R=H. 

Ethopropazine hydrochloride 
R= Methyl 



Ambucetamide 


MeO^CH 


^CONH, 

^NBu t 


Hexacyclium methylsulphate 



✓ \ 


/\, 


OH 


o 



CH g —N' ;NMe g .MeS0 4 


Trasentin p . 2-Diethylaminoethyl diphenylacetate hydrochloride pentahydrate. 

Preparation. Two alternative methods of preparation have been used: ( a ) 
diphenylacetic acid may be reacted with 2-diethylaminoethyl chloride in warm 
acetone in the presence of potassium carbonate, or ( b ) diphenylacetic acid may 
be converted to the corresponding carbonyl chloride which is reacted with 
diethylaminoethanol in chlorobenzene. 


C e H, H 

\ / 

C 

c 6 h» cooh 


C e H g H 
K t CO t \ / 

Cl.(CH i ) I NEt 1 -► C 

Me,CO / \ 

C g H g COO(CH 2 ) g NEt t 


C,H ft 

\ / 

C 

/ \ 

C,H 6 


H 

COOH 


SOCl g 
-► 


C g H g H 

\ / 

C 

/ \ 

C g H g COC1 


C g H tt H 

HO(CH g ) g NEt g \ / 

-> c 

C e H g COO(CH g ) g .NEt g . HC1 


Properties. Hydrochloride, m.p. 114°. Picrate, m.p. 144° to 145*5°. Trasentin 
was introduced in 1936. It was used to relieve spasm of the gastro-intestinal 
tract, but has been superseded by more potent compounds. 
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Trasentin H p . 2-Diethylaminoethyl ryc/ohexylphenylacetate hydrochlorides - 

Preparation. Trasentin p is hydrogenated in the presence of Adam’s catalyst 
in acetic acid solution (1). 

Properties. M.p. 146-7°. Trasentin H is more active than Trasentin. 

Lachesine chloride. 2-Benziloyloxyethyldimethylethylammonium chlorid e - 
CjoHjjOgNCl. 

Preparation. It may be prepared by reaction of benzilic acid with dimethy 1 — 
aminoethyl chloride (2) and then quaternisation of the product by means of 
ethyl chloride. 


C a H a OH 

\ / • 

C 

/ \ 

c a H a cooh 


C a H 6 OH 

\ / 

4- Cl(CH 2 ) 2 NMe 2 -► C 

C a Hj ^COOtCHjJglSriVle SB 

C # H tt OH 
EtCl \ / 

-► C 

/ \ 

C a H a COO(CH 2 ) 2 NMe 2 EtCl 


Properties. Lachesine chloride was introduced in 1945 (3). It is used in 
solution as eye-drops for its mydriatic effect. It is soluble in water, and 
ethanol, but is insoluble in acetone, chloroform and ether. The m.p. is 212° to 
216°. The aurichloride melts at 147° to 149°. 

Caramiphen hydrochloride. 1 -(2'-Diethylaminoethyl)-1 -phenyl O'*' 

pentane carboxylate hydrochloride. C ia H 2a 0 2 N.HCl. 

Preparation. The method of preparation of caramiphen is interesting 
Benzyl cyanide is converted to its di-sodio derivative by means of sodamide anti 
is reacted with tetramethylene dibromide. Ring closure occurs and 1-phenyl" 
cyc/bpentyl cyanide is obtained. 


0/ c \ CN 

H H 


NaNH 2 
-► 




—C—CN 

/ \ 


Na Na 



The cyanide is then simultaneously hydrolysed and esterified by a mixture ° 
ethanol and concentrated sulphuric acid. The ethyl ester is converted to tfo c 
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diethylaminoethyl ester on being heated with diethylaminoethanol. The amine 
is converted to its hydrochloride on addition of ethanolic hydrogen chloride. 





Caramiphen hydrochloride 


The preparation of caramiphen from 1 -phenylcyc/opentanecarbonyl chloride or 
from the carboxylic acid has also been described by other workers (5). 

Properties. The m.p. of caramiphen hydrochloride is 142° to 144°. It is 
soluble in methanol and ethanol and insoluble in ether. It has been used to 
relieve the spasms of Parkinsonism. 

Pavatrine hydrochloride 1 *. 2-Diethylaminoethyl fluorene-9-carboxylate 
hydrochloride. C 18 H 23 0 2 N.HC1. 

Preparation. Fluorene-9-carboxylic acid required for the synthesis of Pava¬ 
trine may be obtained by the interaction of aluminium chloride and benzilic 
acid, or by reaction of fluorene with an organoalkali followed by carbonation 
(2). The latter method is preferred. Butyllithium is made from n-butyl 
chloride and lithium in ether, and to it is added fluorene. Butane is evolved 
and the mixture is poured into solid carbon dioxide. The acid so obtained 
is esterified by reaction with 2-diethylaminoethyl chloride in wo-propanol. 



Fluorene 



/ 

\ 


H 

COOCH 2 CH 2 NEt 2 HCl 


Pavatrine hydrochloride 
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S3 

Properties. Pavatrine hydrochloride melts at 143° to 144°. Burtner prepared 
compounds of this type allied to Trasentin, because in previous studies upon 
local anaesthetics it had been found that cyclisation of certain polyx**-**^^^ r 
carboxylic acid derivatives occasionally led to enhanced activity and therefore 
the cyclised or bridged forms of Trasentin-type compounds were made. 

Methanthelinium bromide. 2'-Diethylaminoethyl-xanthene-9-carboxy'la.*:ei 

methobromide. 

Preparation. This compound is made by esterifying xanthene-9-carboxylx c 
acid with 2-diethylaminoethanol (6). The carboxylic acid is prepared from 
o-phenoxybenzoic acid. The latter is first converted to xanthone by heatings wi tb 
concentrated sulphuric acid and then on reduction with sodium in alcohol tHe 
xanthone yields xanthene. By the procedure detailed above for the preparation 
of fluorene-9-carboxyIic acid, the xanthene is converted to the correspond* 
acid which is esterified with 2-diethylaminoethanol and then the tertiary amine 
is quaternised with methyl bromide to yield methanthelinium bromide. 



Xanthone 
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Propantheline bromide. 2'-Di-wopropylaminoethyl-xanthene-9-carboxy- 
late methobromide. 

Preparation and properties. Similar to methanthelinium methobromide. 

Benzhexol hydrochloride. Trihexyphenidyl. 1 -cyc/oHexyl-1 -phenyl- 

3-piperidinopropan-l-ol hydrochloride. C 20 H 81 ON.HC1. 

Preparation. Three teams of workers have reported upon the preparation of 
this compound which, as may be seen by comparison of the formulae, is akin to 
Trasentin H. Denton et al. (7) first obtained 2-piperidinopropiophenone (I) by 
a Mannich reaction between piperidine hydrochloride, formaldehyde and 
acetophenone and then reacted it with cyc/ohexylmagnesium chloride to produce 
benzhexol (II). 



Ruddy and Buckley (8) prepared benzhexol hydrochloride by reaction of a 
Grignard reagent with a Mannich base as one of a series of compounds having 
structures based upon that of 1 : l-diphenyI-3-piperidinopropane (III) which 
was a spasmolytic compound described in 1942 (9); its method of preparation 
was later published (10). 

C 6 H 5 H 

V 

c«h 6 (CH 2 ) 2 n^\ 
hi 


Adamson et al. used a different method (11). Ethyl acrylate was reacted with 
piperidine and the ethyl 2-piperidinopropionate (IV) obtained was reacted with 
the Grignard reagent prepared from bromobenzene to give crude 1 : 1-diphenyl- 
3-piperidinopropan-l-ol (V). 

<^NH CH a =CH.CQQEt EtOOC(CH t ) t N /r "~\ 

iv 

C # H fi OH 
C«H 8 MgBr \ / 

-► C 

C«H a (CH 2 ) 2 N^> 

V 
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The diphenylamino-alcohol was then partly reduced in glacial acetic acid 
solution by hydrogen in the presence of Adam’s catalyst to give the X-cyclah.GxyrX — 
1 -phenyl-3-piperidinopropan-l-ol required. The addition of hydrogen chloride 
led to benzhexol hydrochloride which was recrystallised from ethyl alcohol - 

Properties. Benzhexol hydrochloride is a white crystalline powder of in - P - 
250° (dec.); it is slightly soluble in cold water and more soluble in ethanol and 
methanol. When a solution in warm methanol is made just alkaline to litmoa 
paper with sodium hydroxide benzhexol of m.p. 114° to 115° is obtained- 
methiodide has m.p. 204-5° to 206-5° and the ethiodide m.p. 179° to 180° (dec-)- 
Benzhexol hydrochloride is an acetylcholine antagonist and has been used m 
the treatment of Parkinsonism (paralysis agitans). It was introduced in 194-9. 

Procyclidine hydrochloride. 1 -cycloHexyl -1 -phenyl-3-pyrrolidinopro an — 
l-ol hydrochloride. C 19 H 2# ON.HCl. (VII). 

Preparation. 1 : 1 -Diphenyl-3-pyrrolidinopropan-l-ol (VI) is reduced in the 
presence of Adam’s catalyst to the cyclohexyl compound (VII). 


\ / 

C 

/ \ 


OH 

c 8 h 8 oh 


H \ / 


-► c 

y - 

Pto 2 / \ 

ch 2 ch 2 n^ 

c € h u ch 2 ch 8 n^ 

VI 

VII 


The base on addition of hydrogen chloride gives the hydrochloride which may 
recrystallised from a mixture of ethanol and ethyl acetate. 

Properties. Procyclidine hydrochloride is a white powder of m.p. 226 
227° (dec.) with a methiodide m.p. 204° to 205° (dec.) and ethiodide m.p- 1^8 
to 159° (dec.). It has been used for the treatment of Parkinsonism and v^as 
introduced in 1952. 

Diethazine hydrochloride. N(2-diethylaminoethyl)phenothiazine hyd r °" 
chloride. C 18 H 22 N 2 S.HC1. (X, R=H). 

Preparation. To a boiling solution of phenothiazine in xylene contain 10 8 
sodamide is added l-chloro-2-diethylaminoethane. After a further period at 
boiling-point, the mixture is cooled and dilute mineral acid is added. 
aqueous layer is separated and basified in the presence of an immiscible sol' re °5* 
from which is obtained the base that after distillation and acidification yield 
diethazine hydrochloride (12). ^ 

Properties. Diethazine hydrochloride has a m.p. of 186°. It has been employ e 
in the symptomatic treatment of Parkinsonism. 

Ethopropazine hydrochloride. N-(2-diethylaminopropyl)phenothia^i° e 
hydrochloride. C 19 H I4 N 2 S.HC1. (X, R=Me). 

Preparation. Fundamentally the method used is the same as that used 
diethazine. However, either 1-chloro-2-diethylaminopropane (Vila) or 
chloro-l-diethylaminopropane (VIII) may be condensed with phenothia^in^ 5 
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and in each case ethopropazine (IX) is obtained (13). When 2-chloro-l- 
diethylaminopropane is employed, then N-(2-diethylamino-wopropylpheno- 
thiazine (X) is obtained as an impurity. 



The fact that (IX) may be formed from (VIII) shows that during the con¬ 
densation of phenothiazine with the chloroamine a partial transfer of the methyl 
group takes place. 

Properties. Ethopropazine hydrochloride is a white crystalline material with a 
bitter taste. It darkens on exposure to light. Its m.p. is 225° (dec.) and its picrate 
melts at 148° to 149°. It is not very soluble in water, but is more soluble in 
ethanol or in chloroform. It has been used for the treatment of spasms in 
Parkinsonism. 

Structurally, ethopropazine is very similar to promethazine which is the 
corresponding N-(2-dimethyIamino) compound. Promethazine is an anti¬ 
histamine* diethazine and ethopropazine also have slight antihistaminie proper¬ 
ties. It is of interest that ethopropazine, like many other antispasmodics, contains 
an active carbon atom, and therefore occurs as two optically-active forms. This 
mixture has been resolved (14) by means of (-f)-tartaric acid, and the (—) base 
was found to be twice as active in nicotinolytic action as the (+) form. 

Ambucetamide. 2-(4-MethoxyphenyI)-2-dibutyIaminoacetamide. 

C 15 H #4 N t O a . (XIII). 

Preparation. Anisaldehyde is converted to its bisulphite compound (XI) 
which reacts with dibutylamine to yield (XII). Potassium cyanide converts the 
SOjNa group to CN and sulphuric acid hydrolyses this to ambucetamide (XIII). 
The product is recrystallised from 95 per cent ethanol (15, 16). 


/ 


MeO<^^>CH 

\ 

XI 


SO a Na 


OH 


1. KCN 
- > 

2. H,S0 4 



XIII 
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Properties. Ambucetamide is unique among the antispasmodics described ir» 
this chapter in containing the amide grouping. It has a specific use as a uterine 
antispasmodic in dysmenorrhoea. It melts at 128°. 

Hexacyclium methylsulphate. l-(2-<yc/oHexyl-2-hydroxyphenyIetH> r l y — 
4 : 4-dimethylpiperazinium methylsulphate. CnHagOjNgS. (XIV). 



NMe,.MeS0 4 


Properties. This compound, which is used for the treatment of peptic ulcer, 
is soluble in one part of water, slightly soluble in chloroform and insoluble 
ether. It melts at 200° to 210°. 


REFERENCES 

1. Miescher et al., Helv. Ckim. Acta, 1941, 24, 458. 

2. Burtner and Cusic, J. Amer. Chem. Soc., 1943, 65, 262. 

3- Ing, J. Pharmacol ., 1945, 85, 85. 

4. Tilford, Van Campen et al.,J. Amer. Chem. Soc., 1947, 69, 2902. 

5. United States Patent 2,404,588. 

6. Burtner and Cusic, J. Amer. Chem. Soc., 1943, 65, 1582. 

7. Denton et al., ibid., 1949, 71, 2053. 

8. Ruddy and Buckley, ibid., 1950, 72, 718. 

9. Schanmann, Medizin u. Chemie , 1942, 4, 229. 

10. B.I.O.S. Final Rept. No. 1404. Items 22, 24, 139. 

11. Adamson et al.,J. Chem. Soc., 1951, 52. 

12. British Patent 608,208. 

13. United States Patent 2,526,118. 

14. Genser et al.,J. Amer. Chem. Soc., 1953, 75, 2506. 

15. Janssen, ibid. , 1954, 76, 6192. 

16. British Patent 768,788. 



CHAPTER VII 


Neuromuscular and 
Autonomic Blocking Agents 


Introduction. Curare has been of interest for many years. It was known in 
the early sixteenth century to be the material used by the natives of South 
America for coating the tips of their poisoned arrows. During the following 
years a certain amount was learned about its physiological action. It was dis¬ 
covered that (-{-)-tubocurarine chloride (see p. 252) causes relaxation of the 
voluntary muscles and the effects of this in a conscious human being have been 
graphically described by later workers (1,2). (H-)-Tubocurarine became one of 
the routine adjuncts to general anaesthesia for major surgery first in Canada (3) 
and the U.S.A. (4) and then in Britain (5). 

An inevitable result has been an intensive search for better and cheaper 
muscle relaxants and certain of these are now in use. The molecule of (+)•* 
tubocurarine (I) contains two quaternary nitrogen atoms and the investigation 
of the pharmacological properties of quaternary nitrogen compounds has led to 
the discovery of new neuromuscular and autonomic blocking agents. This work 
has been reviewed (6, 7). 




IMe s N(CH a ) 10 NMe,I 

III 
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It was discovered by Brown and Fraser in 1868 that quaternary ammoniun^ 
salts possess curare-like activity, but it was not until after the use of — 

curarine as a muscle relaxant that synthetic compounds were introduced for tfiJ s 
purpose. In 1948 Barlow and Ing (8) and Paton and Zaimis (9, lO) foraracJ 
decamethonium iodide (III) to be a potent curarising agent. It is not now 
widely used in this country. A synthetic compound more closely resembling 
tubocurarine (I) in structure was laudexium (II) prepared by Taylor* m 
1951(11). 

Bovet and his collaborators were responsible for the introduction of gallamine 
triethiodide and suxamethonium chloride. The latter short-acting 
relaxant is a diester that is readily hydrolysed in the body to the relatively inactive 
half ester. 

The physiological activity of the muscle relaxants renders them potentiaXly 
dangerous and antidotes are available for tubocurarine, laudexium and gallamixro. 
The alkaloid physostigmine was originally used, but has been replaced by the 
synthetic compounds neostigmine and edrophonium. 

Whereas the curarising agents block the transmission of impulses from the 
nerves to the skeletal muscles, the autonomic blocking agents paralyse tXxe 
ganglia of the autonomic or involuntary nervous system. Their chief effect is a 
fall in blood pressure due to blockade of the sympathetic ganglia. Thus they are 
hypotensives. Carbachol or neostigmine may be used as antidotes. 

Tetraethylammonium chloride was the first ganglionic blocking agent to t>e 
used in the treatment of hypertension. Hexamethonium salts followed soon after. 
Pentolinium tartrate and mecamylamine are recent introductions. 


NEUROMUSCULAR BLOCKING AGENTS 
AND THEIR ANTAGONISTS 

Gallamine triethiodide. 1:2: 3-tris(2-Diethylaminoethoxy)-benzen.c tn— 

ethiodide. C 30 H fl0 I 3 N 3 O 3 . (IV). _ - 

Preparation. Trisodium pyrogallate, which is made by reacting pyrogallol vvxt: 
sodium methoxide, is condensed with 2-chloroethyldiethylamine. The result* n S 
tritertiary amine is then alkylated (12) by the use of ethyl iodide to yield gall£t* TX * r ' e: 
triethiodide (IV). 

ONa 0(CH a ) a NEt 2 0(CH 2 ) a NEt 3 .1 

/\0Na } y\0(CH 2 ) 2 NEt # > /\0(CH 2 ) a NEt 3 .1 

\JoNz > ^0(CH a ) a NEt 2 * ^ / Jo(CH a ) a NEt 3 .1 

IV 

I trf* 

Properties. Gallamine triethiodide is a white hygroscopic powder that n"* e 1 
at 230° to 235° when dry and at 152° to 153° if crystallised from aqueous sC> 
vents. It is soluble in ethanol and water. A 2 per cent aqueous solution 
pH of 5*8. It is antagonised by neostigmine and edrophonium. 
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Suxamethonium chloride. Bis(2-dimethylaminoethyl)-succinate bis- 
methochloride dihydrate. C 14 H S0 Cl,N 2 O 4 .2H,O. (VII). 

Preparation . This compound was first prepared by Hunt and Taveau in 
1911 (13). It was due to the work of Bovet and his colleagues, however, that it 
was accepted for medical use (14). Fusco has listed the possible methods for the 
preparation of suxamethonium compounds (15). 

Glick (16) and Walker (17) obtained suxamethonium bromide by reacting 
bis(2-bromoethyl) succinate with trimethylamine. The corresponding bis(2- 
iodoethyl) succinate (V) has been used as an intermediate in a patented approach 
(18). It is condensed with dimethylamine in benzene and after filtration of 
precipitated dimethylamine hydriodide, the benzene is evaporated and the 
product distilled to yield bis(dimethylaminoethyl) succinate (VI). Alkylation 
with methyl chloride in acetone then gives suxamethonium chloride (VII). 


CH 2 COO(CH 2 ) 2 I 

(I^H 2 COO(CH 2 ) 2 I 

V 


HNMe 2 

- y 


CH 2 .COO(CH 2 ) 2 NMe 2 
<!^H 2 . COO(CH 2 ) 2 NMe 2 
VI 


Me Cl 

- y 


CH 2 COO(CH 2 ) 2 NMe 2 . Cl. H 2 0 
(t:H 2 COO(CH 2 ) 2 NMe 2 . Cl. H 2 0 
VII 


Properties . Suxamethonium chloride is a white powder possessing a slightly 
bitter taste. As normally prepared, it is a dihydrate of m.p. 163° to 165°. When 
this is dried at 135° in vacuo , the anhydrous solid of m.p. 191° to 193° is obtained. 
Suxamethonium chloride is soluble in water and methanol and slightly soluble 
in ethanol. 100 ml of ethanol dissolve 0*42 g at room temperature. A 2 per cent 
aqueous solution has pH of 3*0 to 4*5. Prolonged contact with hydroxylic 
solvents causes progressive hydrolysis. 

Suxamethonium chloride is not antagonised by neostigmine or edrophonium. 
The bromide which is slightly hygroscopic melts at 225° and the methosulphate 
at 171°. 

Neostigmine methylsulphate. 3-DimethylcarbamoxyphenyI trimethyl- 
ammonium methylsulphate. C 18 H 22 N 2 0 6 S. (XI). 

Preparation. Dimethylaniline is nitrated and the 3-nitrodimethylaniline 
obtained is separated from its 4-nitro isomer and reduced with iron and hydro¬ 
chloric acid to 3-aminodimethylaniline (VIII). This is diazotised and heated to 
give 3-dimethylaminophenol (IX). Reaction with dimethylcarbamoyl chloride 
in the presence of sodium hydroxide then leads (19) to 3-dimethylamino- 
phenyl dimethyl carbamate (X). This is purified by distillation and boils at 
195° at 20 mm. It is alkylated (20) with dimethyl sulphate to give neostigmine 
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methylsulphate (XI) or with methyl bromide to yield the quaternary bromide. 
Other methods of preparation have been published (21). 


ANMe 2 > NoA^NMe, ^ NH,A\NMe, ^ HO AAlSraV* 




V 


V 

VIII 


X 

IX 


_^ Me,NCOoA\NMe,_ > Me,NCOoA\NMe 3 . MeSO 




V 


X XI 

Properties. Neostigmine methylsulphate is a white crystalline powder* of 
m.p. 147°. It is freely soluble in water and gives a neutral solution. It is also 
soluble in ethanol. The bromide melts at 167°. 

Neostigmine methylsulphate is used as an antagonist to tubocurarine and 
gallamine. It is often administered together with atropine which nullifies its 
unwanted muscarinic effects. 

Edrophonium chloride. Ethyl(3-hydroxyphenyl)dimethylammonivmn 

chloride. C 10 H 16 C1NO. (XII). 

Preparation. 3-Dimethylaminophenol (IX) as used above for the preparation 
of neostigmine is converted to its ethiodide by reaction with ethyl iodide in lrot 
acetone. The edrophonium iodide obtained is recrystallised from uopropanol 
and then melts at 113° to 115°. It is reacted with silver oxide to give the quater¬ 
nary hydroxide and addition of hydrochloric acid leads (22) to the required 
chloride (XII). 

HoA\NMe 2 lj EtI H0/\NMe 2 Et.Cl 

2. AgjOandHCl \/ 

IX XII 


Properties. Edrophonium chloride is a white crystalline powder with a melting 
point of 162° to 163° (dec.) and is freely soluble in water. A 1 per cent aque° uS 
solution is acidic with pH 4-0 to 5-0. It is also soluble in ethanol. The col'll 
sponding bromide melts at 151° to 152° (dec.) and the iodide at 113° to 11 5 - ^ 

Edrophonium chloride was introduced in 1950 as an antagonist of tvit> c> 
curarine, its dimethyl ether, and gallamine. 


AUTONOMIC BLOCKING AGENTS 

Tetraethylammonium chloride. C 8 H 20 C1N. (XIII). , e 

Preparation. Triethylamine is ethylated with ethyl iodide in acetone an<i ^ 
tetraethylammonium iodide so obtained is converted to the chloride by react* 
with silver chloride. 

EtI AgCl 

NEt,-> NEtJ-> NEt 4 Cl 

XIII 
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Properties. Tetraethylammonium chloride is a hygroscopic white solid that 
forms a tetrahydrate of m.p. 37*5°. The picrate melts at 262°. The chloride 
forms the following solutions at 35° (per cent by weight): water (75*5), methanol 
(72), ethanol (60), acetone (0*4). A 50 per cent aqueous solution has pH 5*8 to 
6*5. Tetraethylammonium chloride forms complexes with many substances 
including ethanol, acids, halogens and many metallic salts. 

It was studied by many workers in the early years of this century, but it was not 
until the work of Acheson and Moe in 1946 led to the clinical trials of Lyons in 
1947 that it came into general use as the first synthetic hypotensive. Its effect is 
reversed by neostigmine. 


Hexamethonium salts. 

Preparation. Although 1 : 6-diiodohexane may be reacted with dimethylamine 
to yield bis-dimethylaminohexane (XIV) or with trimethylamine to yield 
hexamethonium iodide, it is more convenient in the preparation of hexa¬ 
methonium compounds to use as the starting material, 1 : 6-diaminohexane. This 
is methylated by the Eschweiler reductive alkylation technique used by Clarke 
(23) to bis-dimethylaminohexane (XIV), a liquid of b.p. 112° at 25 mm. which 
on reaction with the appropriate alkyl halide yields hexamethonium iodide (XV) 
or chloride (XVII) or bromide (XVI). Alternately exhaustive methylation of 
hexanediamine with methyl iodide in methanol in the presence of caustic soda 
leads to hexamethonium iodide (24). 

HCHO 

H a N(CH 8 ) 8 NH t -► Mej^CH^.NMe. 

HCOOH 

XIV 


MeX 

-► XMe,N(CH 1 ) < NMe,X 

XV X=I 

XVI X—Br 

XVII X=CI 

Hexamethonium tartrate is made from the corresponding methosulphate 
by the use of hexamethonium embonate. This method was introduced by 
Barber (25). A hot aqueous solution of hexamethonium methosulphate (26) is 
added to a boiling aqueous solution of sodium embonate. Embonic acid (XVIII) 
is the trivial name for 2 : 2-dihydroxy-l : 1 -dinaphthylmethane-3 : 3-dicarboxylic 
acid. The sparingly soluble hexamethonium embonate crystallises and is filtered. 
It is dissolved in a large volume of water and tartaric acid is added. Embonic 
acid deposits from the cooled aqueous solution. It is filtered and the solution is 
evaporated to yield crude hexamethonium tartrate (XIX) which is recrystallised 
from methanol. 
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HOCH.COOH HOOC.CHOH 


HOCH. COO. Me 3 N(CH 2 ) # NMe 3 . OOCCHOH 

XIX 


Properties. Hexamethonium chloride, C 12 H 3 0 Cl 2 N 2 ( is a colourless, odour¬ 
less, crystalline powder of m.p. 289° (dec.). It is hygroscopic and forms a di hy¬ 
drate. The picrate melts at 238° to 240° and the picrolonate at 241° to 24-2 c> - 
Hexamethonium chloride is soluble in water (20°) 1 g in 0-65 ml and at 100 ° 
1 g in 0*3 ml. A 1 per cent solution has pH 6 0 and a 10 per cent solution 
pH 3*6. In ethanol at 20° its solubility is 1 g in 3-2 ml, and at 78-5° 1 g in 1 -7 ml - 
In methanol at 20° the solubility is 1 g in 1*4 ml, and at 64-1° 1 g in 0-8 ml- It 
is insoluble in acetone, benzene, chloroform and ether. 

Hexamethonium bromide, C 12 H 30 Br 2 N 2 , is a colourless, odourless, 
crystalline powder of m.p. 272° (dec.). It is slightly hygroscopic. 1 g dissolves 
in 1 ml of water at 21° and 5 g in 1 ml at 100°. A 1 per cent solution has pH 
6*6 and 10 per cent solution pH 6 0. In ethanol at 20° its solubility is 1 g 
30 ml and at 78*5° 1 g in 3 ml. Methanol dissolves 1 g in 5 ml at 20° and 1 f? 
in 1 ml at 64*1°. 

Hexamethonium iodide, C 12 H 30 I 2 N 2 , is a colourless, odourless, crystaTl irie 
powder of m.p. 278°. The picrate melts at 239°. It is soluble in water (22 ) 

1 g in 1*8 ml and at 100° 1 g in 0*3 ml. A 1 per cent solution has pH 6-37 
a 10 per cent solution pH 6-24. In ethanol at 20° 0*3 g dissolves in 1 litre 
at 78*5° 1 g in 390 ml. Methanol at 22° dissolves 1 g in 260 ml and at 64-* 1 
1 g in 12 ml. It is insoluble in acetone, benzene, chloroform and ether. 

Hexamethonium tartrate, C 20 H 40 N 2 O 12 , is a white solid of m.p. 185° 

188° (dec.). It forms a monohydrate. It is soluble in water and methanol. 

Hexamethonium compounds were made by Von Braun in 1910, but it was not 
until 1948 that the pharmacological studies of Barlow and Ing (8) and Patoo 
and Zaimis (9, 10) brought them into prominence. They are used in the treat" 
ment of hypertension and for bloodless field surgery, a technique introduced 
Enderby in 1950. 

Pentolinium tartrate. Pentamethylene &w-(l-methylpyrrolidinium hydro¬ 
gen tartrate). C„H M N 2 0 12 . (XXI). 

Preparation. 1 : 5-Dibromopentane and N-methylpyrrolidine are reacted 
together in acetone in the presence of sodium iodide (27) to give pentoliniu ** 1 
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iodide (XX). This is converted to the tartrate by the method described above 
under hexamethonium tartrate (28). 


Qn + Br(CH,) 6 Br Qn-(CH,).-nQ 21 

Me Me Me 


XX 


(CH,) # —. (OOC.CHOH. CHOH. COOH), 

Me Me 

XXI 

Properties. Pentolinium tartrate is a white, slightly hygroscopic powder with 
an acid taste. It is used for the treatment of hypertension. 
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CHAPTER VIII 


Antihistamines 


Introduction. Histamine (I) is present in the cells of the body in a bound 
form as a histamine-protein complex. 


N—,CH 2 CH 2 NH 

O 


2 


N 

H 


I 

It has been suggested that the symptoms of the acute condition termed 
anaphylactic shock and of the less severe but similar condition termed allergy 
are due to the release of free histamine in the body. In man, histamine causes the 
contraction of involuntary muscle, the dilatation of arteries and capillaries (hence 
causing a lowering of the blood pressure) and also stimulates the secretory cells 
of the gastric mucosa and salivary glands. 

These effects of histamine could be antagonised by one of three different 
mechanisms: (a) chemical, ( b ) indirect or (c) substrate competition. Certa.irx 
substances such as formaldehyde, carbon dioxide and presumably the enzyrn e 
histaminase inactivate histamine by chemical means. An indirect antagonism 1 9 
shown by adrenaline which can initiate pharmacological responses in the body 
that are opposed to those of histamine. By definition (1) antihistamines are those 
drugs that diminish or prevent several of the effects due to histamine by a 
mechanism that does not involve the production of pharmacologically oppo slte 
responses. Probably antihistamines act as substrate competitors and prevent 
histamine from reaching the sensitive receptor surfaces of the tissues. The modo 
of action is complex, however, and not yet fully understood. 

Many antihistaminic drugs have a sedative effect and anti-acetylcholine an 
local anaesthetic properties are common. These side actions lead to drawsines s » 
dizziness and dryness of the nasal and buccal mucosa. In general, however, 
antihistamines have a high therapeutic index, since the acute toxicities are lo'* r 
and the effective dose small. _ 

Antihistaminic drugs are used for combating rhinitis, urticaria, hay-fever nr* 
pruritus. 

Research on these drugs began in France in 1937; it was discovered by 
and his colleagues (2) that certain derivatives of 2-aminoethanol that had bee* 1 
prepared for their adrenolytic activity were also antihistamines. These early 
ethers were too toxic for human therapy and, later, derivatives of ethylenediami* ie 
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were tested. The first antihistamine of this type was introduced in 1939 (3) and 
was followed in 1942 (4) by Antergan p (II). 





This was the first antihistamine to be used successfully in the treatment of 
human allergic conditions, but it has now been superseded by less toxic com¬ 
pounds. The French workers in 1942 turned their attention to compounds of 
the Antergan type but containing heterocyclic substituents. During this period 
tripelennamine (III, R=H) and mepyramine (III, R=OMe) were prepared and 
tested (5, 6). 

Research on similar lines was proceeding independently in the U.S.A. and in 
1945 (7) the first useful ether was introduced, a compound now named diphen¬ 
hydramine (IV). Tripelennamine (III, R=H) was prepared in the same year (8). 
From that time onwards many compounds with antihistaminic activity have 
been made and some of the most useful have been described in this chapter. 
They are classified on the basis of their chemical constitution according to the 
system used by Huttrer (9) as follows: 

(а) Alkylenediamines, including straight or branched-chain diamines, cyclic 
diamines and aminocyclic diamines. 

(б) Aminoalkyl ethers. 

(c) Alkylamines. 

All these compounds are related in that they are derived from a common 
structural pattern R 4 RjXR a NRiR t . In the alkylenediamines X=N, in the 
ethers X=—OCH— and in the alkylamines X=—CH. 
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In addition antihistaminic substances have been found that belong to th e 
following chemical groups, haloalkylamines, aminoketones, secondary a 
alcohols and aminoalkyl esters. None of these types are described in this chaf**^*" 
as they are not used in medicine. 

The identification of antihistamines by colour reactions is complicated 
tests for individual compounds are not given in the text. A useful table of thes^ 
colour reactions is given by Idson (10). 


ALKYLENEDI AMINES 

Tripe lenna mine. N-Benzyl-N-2-pyridyl-N'N'-dimethylethylenediamine. 
C,.H ai N,. (VIII). 

Preparation. 2-Aminopyridine (V) is alkylated with l-chloro-2-dimethyI- 
aminoethane (VI) in toluene in the presence of sodamide or lithium amide; the 
2-(2-dimethylaminoethyl)aminopyridine formed is purified by distillation. 
Further alkylation of this secondary amine (VII) with benzyl bromide in toluene 
in the presence of sodamide leads to the tertiary amine, tripelennamine. 


y—v NaNH, 

/NHj + ClCHjCHjNMe, -► ^NHCH.CH.NMe, 


VI 


VII 



1 >CH,Br + VII 



Properties. Tripelennamine is usually employed in the form of the mono- 
hydrochloride which is a white crystalline powder melting at 193°; it slowly 
darkens on exposure to light. It is very soluble in water, soluble in ethanol and 
chloroform, sparingly soluble in acetone and insoluble in benzene, ether and 
ethyl acetate. The citrate melts at 110° and the dipicrate at 185° to 190°. 

Mepyramine. Pyrilamine. N-/>-Methoxybenzyl-N-2-pyridyl-N'N'-dimethyl- 
ethylenediamine. C 17 H 23 ON 3 . (X). 

Preparation. Mepyramine is closely related to tripelennamine and may be 
prepared by an analogous method, but a better yield is obtained by the use of 
an alternative approach (11, 12). />-Methoxybenzylaminopyridine (IX) is 
obtained by reacting 2-aminopyridine with anisaldehyde (13); a Sehiff’s base 
forms and becomes reduced to the required secondary amine. This compound 
is alkylated by l-chloro-2-dimethylaminoethane in benzene in the presence of 
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sodium amide or lithium amide. Mepyramine (X) is produced and is purified 
by fractional distillation under reduced pressure. 



+ CICH.CH.NMe, 



Properties. Mepyramine hydrogen maleate is a white powder, melting at 
101° to 102°; it is soluble in water, chloroform and ethanol and sparingly soluble 
in ether or benzene. The hydrochloride melts at 135° and the dipicrate at about 
163°. Many antihistamines are used in the form of their salts with organic acids 
because the hydrohalides are sometimes difficult to prepare or are hygroscopic 
(15); in addition the organic salts are often more active or less toxic than the 
hydrohalides (14). 

Thonzy lamlne. N-4- Methoxy benzyl-N-2-pyrimidyl-N'N'-dimethylethyl- 

enediamine. C ie H M ON 4 . (XII). 

Preparation. The method follows the usual course (16). 4-Methoxybenzyl- 
aminopyrimidine (XI) is converted to its sodio derivative by reaction with 
sodamide in toluene and l-chloro-2-dimethylaminoethane is added to give 
thonzylamine. This is an oil of b.p. 185° to 187° at 2*2 mm which on addition 
to aqueous acetone containing hydrogen chloride forms the hydrochloride. 



MeO 


NaNH, 



\ 

NCH,CH,NMe 


XI XII 

Properties. The hydrochloride is a white crystalline powder which melts at 
173° to 176°; it is very soluble in water, ethanol or chloroform, but almost 
insoluble in ether; the dipicrate melts at 141° to 145°. 

Methaphenilene. N-Pheny 1-N - 2-thenyl-N 'N '-dimethylethy lenediamine. 

C u H so N t S. (XIV). 
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Preparation. A procedure has been described (17) whereby aniline rna> r ^ 
reacted successively with 2-thenyl chloride and l-chloro-2-dimethylarrn r>< ^ 
ethane, but a better approach appears to be the use of N-phenyl-N'N'-dimet 
ethylenediamine which may be prepared (11) from aniline and l-brom^>~ 
dimethylaminoethane. The secondary amine is first converted to the hydro 
chloride (XIII) to protect the alkylamino group and to minimise the production* 
of quaternary compounds. 


P^CH,CI + <^~\NHCH 2 CH 2 NMe 2 HCl 

L s 

XIII 


P>CH, 





NCH 2 CH 2 NMe 2 


XIV 


This amine hydrochloride is reacted in hot benzene with 2-thenyl chloride and, 
after basification and distillation at reduced pressure, methaphenilene is obtained 
as an oil, which is then converted to its hydrochloride (IB). 

Properties. Methaphenilene hydrochloride is a white crystalline powder, 
soluble in water and sparingly soluble in ethanol and chloroform; it melts at 
186° to 189° and the dipicrate at 130° to 135 J . 

Methapyrilene. N-2-Pyridyl-N-2-thenyl-X'X'-dimethylethylenediamine. 
CuH^NjS. (XVII, R=H). 

Preparation. Methapyrilene is the thiophene analogue of tripelennamine. It 
may be prepared by reacting 2-thenyl chloride with N-2-pyridyl-N'N'-dimethyl- 
ethylenediamine (XV). 2-Thenyl chloride is obtained by the chlormethylation 
of thiophene (20); it is an unstable compound and must be stored in a refrigerator. 


r>H,Cl + <^~^>KHCH 2 CH 2 NMe 2 

S N 

XV 
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Alternatively N-2-pyridyl-N-2-thenylamine (XVI) may be reacted with 
1 -chloro-2-dimethylaminoethane in boiling toluene in the presence of aoda- 
mide (21). 

Properties. It sometimes happens that a phenyl group, if present in a physio¬ 
logically active compound, may be replaced by 2-thenyl to give a substance with 
comparable activity (19). The phenyl group of tripelennamine is replaced in 
methapyrilene by 2-thenyl and the two compounds are equally active. Metha- 
pyrilene monohydrochloride is soluble in water, ethanol and chloroform, but 
almost insoluble in ether and benzene. It melts at 160° to 162°; the methiodide 
melts at 156° to 157°. 

Chloropyrilene. N-(5-Chloro-2-thenyl)-N-2-pyridyl-N'N'-dimethylethy- 
lenediamine. C 14 H X8 N,SC1. (XVII, R=C1). 

Preparation. Chloropyrilene differs from methapyrilene in having a chlorine 
atom in the 5- position of the thiophene group. The methods of preparation 
(22, 23) are similar to those described for methapyrilene. 5-Chloro-2-thenyl 
chloride is made (24) by chlormethylation of 5-chlorothiophene. 

Properties. Chloropyrilene is an oil; the monohydrochloride melts at 106° to 
108° and the picrate at 145° to 148°. 

Promethazine. N-(2-Dimethylaminopropyl)phenothiazine. C 17 H so N s S. 
(XXI). 

Preparation. Phenothiazine in xylene is converted to its sodio derivative by 
reaction with sodamide and may then be reacted (25) with either l-chloro-2- 
dimethylaminopropane (XVIII) or 2-chloro-l-dimethylaminopropane (XIX) to 
give promethazine (XXI). 

ClCH t CH(Me)NMe 8 MeCHClCH t NMe, 

XVIII XIX 


Probably the reaction with the chloramine passes through a common inter¬ 
mediate cyclic compound (XX) which splits to give a mixture of chloramines 
and thus a mixture of phenothiazine derivatives (26). 



+ 


Me 

CH 


/ \ 

CH a —NMejCl 


XX 



Properties. Promethazine hydrochloride is a white powder with a very bitter 
taste; it is soluble in water, ethanol or chloroform. The base boils at 190° to 192° 
at 3 mm pressure; the hydrochloride melts at 221° to 225° and the picrate at 160°. 

Antazoline. 2-(N-Benzyl-N-phenylaminomethyl)iminazoline. C I7 H 19 Nj. 
(XXII). 

Preparation. Antazoline may be prepared by the following series of reactions 
(27, 28, 29). Chloroacetonitrile is converted to the chloroiminoether which is 
cyclised with ethylenediamine to yield 2-chloromethyliminazoline hydrochloride. 
On condensation with N-benzylaniline antazoline is obtained. The hydrochloride 
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is formed by neutralisation with aqueous hydrochloric acid and evaporation 
dryness followed by recrystallisation from ethanol. Alternative syntheses 
been published (30, 31). 


NH.HC1 NH 

EtOH / (CH 2 NH 2 ) 2 / 

CICHjCN -► C1CH,C -* HC1. C1CH|C 

HC1 \ \ 

OEt N— 




/ 







ch 2 


c 6 h 5 ch 2 nhc 8 h. 



\ / 

nch 2 c 

/ \ 


NH—CH 2 


\\ 




'N--CH 2 


XXII 


Properties. Antazoline is one of the earlier antihistamines and was introduced 
in Switzerland in 1946. It melts at 121° to 123°; the hydrochloride melts at 
230° to 232°. 

Chlorcyclizine. 1 -Methyl-4-(/>-chlorobenzhydryl)piperazine. CisH 2 iN 2 C1. 
(XXIII). 

Preparation. In the following method (32) one of the nitrogen atoms of 
piperazine is protected by reaction with ethyl chloroformate and the ethyl 
piperazine-1-carboxylate so formed is methylated by the Eschweiler method with 


Hi/ NH 


Cl.COOEt 


HN NCOOEt 


HCHO 


HCOOH 

Na 2 CO a 


MeN^_ / NCOOEt + 

Cl< 


C1C 6 H 4 

\ 

/ 

CsH, 


CHC1 



W'X 


CHN / ^ V NM( 





XXIII 


formaldehyde and formic acid. Treatment with concentrated hydrochloric acid 
yields methylpiperazine; this reacts with p-chlorobenzhydryl chloride when 
refluxed in xylene in the presence of anhydrous sodium carbonate to give 
chlorcyclizine (XXIII). The />-chlorobenzhydryl chloride is obtained from the 
corresponding carbinol (XXIV) which is made by reacting together phenyl- 
magnesium bromide and p-chlorobenzaldehyde (33). 

C 2 H 5 MgBr + C1C 6 H 4 CH0-► C 8 H # (C1C 4 H 4 )CH0H 

XXIV 
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Properties. Chlorcyclizine monohydrochloride melts at 223° to 224° and the 
dihydrochloride at 220° to 221°; these are formed by the addition of the calcu¬ 
lated quantity of hydrogen chloride in wopropanol. The base is an oil boiling at 
160° to 161° at 0*5 mm pressure. 


AMINOALKYL ETHERS 

Diphenhydramine. 2-(Benzhydryloxy)-NN-dimethylethylamine. 

C 17 H tl ON. (XXV, R=H). 

Preparation. Diphenylmethane is heated to 130° with stirring and bromine is 
added while the reaction mixture is illuminated by a strong electric lamp. The 
benzhydryl bromide so obtained is dissolved in benzene and may be used 
directly or distilled to give the pure product in good yield. Dimethylaminoethanol 
and anhydrous sodium carbonate are mixed and heated to 110° and the benzhy¬ 
dryl bromide is added slowly; diphenhydramine is formed and is purified by 
distillation in vacuo (34). Other synthetic approaches have been used (35). 


Ox 





/ 


CHBr 


0 \ 


R 





CHOCH s CH s NMe s 


XXV 


Properties. Diphenhydramine is an oil, boiling at 150° to 165° at 2 mm 
pressure. The hydrochloride is used in therapy and melts at 166° to 168°; it is a 
white crystalline powder, very soluble in water, ethanol or chloroform. 

Bromodiphenhydramine. 2 - (4 - Bromobenzhydryloxy) - NN - dimethyl- 
ethylamine. C 17 H 20 ONBr. (XXV, R=Br). 

Preparation. Bromodiphenhydramine is a bromo derivative of diphenhydra¬ 
mine and is prepared (36) by a similar method. 

Properties. Bromodiphenhydramine hydrochloride melts at 144° to 145°. 

Dimenhydrinate is a compound of diphenhydramine and 8-chlorotheo- 
phylline; it is used to prevent travel sickness. 

Doxylamine. Dimethylaminoethyl l-(2-pyridyl)-l-phenylethyI ether. 

C 17 H 22 ON 1 . (XXVII). 

Preparation. Doxylamine is an ether formed by the reaction of methylphenyl- 
(2-pyridyl)methanol (XXVI) with l-chloro-2-dimethylaminoethane in an inert 
solvent such as toluene. The carbinol may be converted to its reactive sodio 
derivative by means of sodium or sodamide. 







x \ NaNH ^ 

MeCOH + ClCH 2 CH 2 NMe 2 mrm » 




N 
XXVI 


/X 

MeC.O.CH,CH,NMe, 

cy 

N 

XXVII 
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The carbinol (XXVI) has been prepared by the following methods. 



In method (a) (37) aluminium activated by mercury, mercuric chloride and a 
crystal of iodine is stirred at 100°, acetophenone and pyridine are added and 
refluxed. The reaction mixture, after cooling, is decomposed with caustic alkali, 
the carbinol is separated and purified by distillation m vacuo. 

In method (6) (38) bromobenzene is converted to magnesium phenyl bromide 
in ether, to the solution of the Grignard reagent is added 2-acetylpyridine. The 
reaction mixture is boiled for several hours and decomposed with hydrochloric 
acid and ice; the aqueous acid layer is made alkaline and the carbinol so obtained 
is separated and distilled. 

Properties. Doxylamine and similar compounds were prepared and tested 
because it was felt that, since the replacement of the phenyl group in Antergan 
led to tripelennamine, a similar substitution in diphenhydramine might be of 
interest. Doxylamine is an oil at ordinary temperatures, boiling at 145° at 0*8 mm 
pressure. The monohydrochloride melts at 169° to 170° and the succinate at 
103° to 104°. 


ALKYL AMINES 

Prophenpyridamine. Phenitamine. 3 - Phenyl - 3 - (2 - py ridyl)- NN - dimethyl- 
propylamine. CjaHjoNj. (XXIX, R=H). 




R V>v KNH 

CH 2 + ClCH 2 CH 8 NMe 2 -; 

/ 


r O 


CHCH 2 CH 2 NMe 



'N 



X * 

'N 
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Preparation. In one method which is similar to others in the antihistamine 
group benzyl-2-pyridine (XXVIII) is alkylated with l-chloro-2-dimethyl- 
aminoethane in liquid ammonia in the presence of potassium amide (39). The 
benzyl-2-pyridine may be prepared by any of the methods shown on p. 104. 

(a) Pyridine and benzyl chloride are reacted together in the presence of copper 
powder as catalyst (40); a mixture of isomers is formed and must be separated 
by fractional distillation (41). 
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(b) 2-Bromopyridine may be combined with benzyl cyanide in the presence 
of sodamide; the disubstituted methyl cyanide so obtained is easily hydrolysed 
and decarboxylated (42) to benzyl-2-pyridine. 

(c) Butyl-lithium (prepared from lithium and butyl chloride) is reacted with 
2-bromopyridine forming 2-pyridyl-lithium; this with benzaldehyde at —30° 
forms phenyl-2-pyridyI carbinol; treatment with thionyl chloride replaces the 
hydroxyl group by chlorine and reduction with zinc and acetic acid yields 
benzyl-2-pyridine (43). 



An alternative route for the preparation of prophenpyridamine is via 1-phenyl- 
1 -(dimethylaminoethyl)-2-pyridylacetonitrile (XXX). 


NMe, 



X ^NbcH.CH, 

y 

XXX 



This compound is prepared by the alkylation of benzyl cyanide, first with 
2-bromopyridine and then with l-chloro-2-dimethylaminoethane; the compound 
formed is hydrolysed and decarboxylated to prophenpyridamine by hot 75 per 
cent sulphuric acid (39). Other methods of synthesis of prophenpyridamine 
have been explored (44). 

Properties. The base is a liquid boiling at 127° to 129° at 1 mm pressure. 
Prophenpyridamine hydrogen maleate melts at 107° to 108°, the mono¬ 
hydrochloride at 117° to 119° and the dipicrate at 203° to 204°. 

Chlorpheniramine. 3-(/>-Chlorophenyl)-3-(2-pyridyl)-NN-dimethylpropyl- 
amine. C lt H 1$ N,Cl. (XXIX, R=C1). 



ANTIHISTAMINES 


10 * 


Preparation. The methods are analogous to those used for prophenpyridarxi* *7 
Properties . This antihistamine is a very active compound. It is used 1 

hydrogen maleate which is a white powder melting at 132-5 to 133’; the \vydrog c *2 
oxalate melts at 137° to 139’. The base is a liquid at ordinary temperatures 
boils at 141° to 143° at 1 mm pressure. 

Phenindamine. 1:2:3 4-Tetrahydro-2-methyl-9-phcnvl-2-azafluorer* e '- 

C 1# H 1# N. (XXXIII). 

Preparation. 3-Benzoyl-4-hydroxy-N-methyl-4-phenylpiperidine (XXXI) 
treated with 65 per cent sulphuric acid and the dihydroazaftuorene derivati vc 
(XXXII) so obtained (45) is catalyticallv reduced (46) to phenindamine. 


HO 



C.H* 

XXXI 


h 2 so 4 



NMe 


XXXII 



Compound XXXI is prepared (47) by condensing together methylaminc, 
formaldehyde and acetophenone to form bis(2-benzoy!ethyl)methylamine, 
which, on treatment with sodium hydroxide solution, gives XXXI by ring 
closure. 


C,H ft C0/\ NaOH 

C # H*CO—^ / l NMc * 


XXXI 


Properties. Phenindamine hydrogen tartrate is the salt used therapeutically; 
it is a white powder with a bitter taste, soluble in water and almost insoluble in 
ethanol, ether or chloroform; it melts at 158 to 160 . The hydrochloride melts 
at 151° to 154°. 
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CHAPTER IX 


Bactericides and Bacteriostats 


A bactericide kills bacteria whereas a bacteriostat only prevents their growtli- 
Both are included in the term antiseptic. The class of substances called anti¬ 
biotics includes both bactericidal and bacteriostatic compounds but the term i 3 
usually confined to substances produced by living organisms such as penicillin. 
These are described in Chapter XVII. 

Until the discovery of the sulphonamides the known antiseptics were all in 
differing degrees poisonous to the tissues and, for this reason, could not be intro¬ 
duced into the body. Their use was therefore confined to external application. 
Formaldehyde. HCHO. 

Preparation. Methanol is subjected to catalytic dehydrogenation. An air- 
methanol mixture containing approximately 40 per cent of methanol by volume 
is preheated to 250° and passed through a reactor containing a catalyst which can 
be silver or copper or a mixture of molybdenum, iron and vanadium oxides at a 
temperature of 500°, the time of contact being 0 01 seconds. The metallic oxide 
catalyst gives a very high conversion. The hot gases leaving the converter are 
cooled and pass to a scrubber. The resulting liquor is fractionated in a column 
when formaldehyde of about 40 per cent strength is removed from the bottom 
of the column and unconverted methanol is recovered at the top. 

Properties. Formaldehyde is a colourless gas with an irritating odour. It 
melts at —118° and boils at —19°. It is soluble in water and ethanol but only 
slightly soluble in acetone, benzene, chloroform and ether. It forms explosive 
mixtures with air. Both in the gaseous state and in solution formaldehyde readily 
polymerises. It is commercially available as an aqueous solution containing 
37 to 41 per cent of formaldehyde by weight; methanol is present in this solution 
as a stabiliser. Formaldehyde is a strong reducing agent; it restores the colour 
to Schiff’s reagent and reduces ammoniacal silver nitrate solution to silver. 

The two chief polymers of formaldehyde are paraformaldehyde, HO(CH 2 0) n H 
(where n=8 to 50), and trioxymethylene, (CH 2 0) 3 . The former compound 
volatilises at 100° and is readily converted into formaldehyde when boiled with 
water. It has been used in lozenges as a throat antiseptic. 

Hexamine. Hexamethylenetetramine. C e H 12 N 4 . 

Preparation. Hexamine is formed in high yield when formaldehyde is con¬ 
densed with ammonia: 

6HCHO -j- 4NH 3 -► (CH 2 ) e N 4 + 6H 2 0 

Ammonia gas in slight excess is led under the surface of aqueous 37 per cent 
formaldehyde solution kept at 25°. The reaction mixture is then concentrated 
and crystallisation occurs. The damp crystals are centrifuged, washed with water 
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and dried. The technical product can be purified by recrystallisation from 
ethanol or by precipitation from aqueous solution with ammonia. 

The structure of hexamine may be represented as: 



Hexamine 

Properties. Hexamine occurs as colourless crystals or as a white crystalline 
powder with a sweet taste; it does not melt but sublimes at 230° to 270° under 
vacuum. It is soluble in water (46-5 g in 100 g at 25° and 43*4 g in 100 g at 
70°) and slightly soluble in ether and aromatic hydrocarbons. When it is heated 
with acids formaldehyde is liberated, while with alkalis ammonia is given off. 
It has been used as a urinary antiseptic. 


PHENOLS AND DERIVATIVES 
Phenol. Carbolic acid. C e H 6 OH. 

Preparation . Runge discovered phenol in 1834 in the products of coal tar 
distillation. It is now either extracted from coal tar or prepared synthetically. 
The hist synthetic method, known as the benzenesulphonate process, depended 
on the sulphonation of benzene with sulphuric acid; the sodium salt of the 
benzenesulphonic acid so formed was fused with sodium hydroxide to give 
sodium phenate, which, on acidification, yields phenol. This method is being 
replaced by the more economical modem processes. Chlorobenzene may be 
converted to sodium phenate by hydrolysis with sodium carbonate or sodium 
hydroxide under pressure; another process for the production of synthetic 
phenol depends on the oxidation of benzene, diphenyl being formed as a 
by-product. 


3C 6 H, + O a -► C,H,OH + C e H # .C,H 6 + H a O 


A process by which a great deal of synthetic phenol is made is the Raschig or 
regenerative process. Benzene is converted in two catalytic stages to phenol by 
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vapour-phase reactions. Benzene is mixed with air and hydrogen chloride 
the mixture is passed at 220° over a supported catalyst formed of copper and 
chlorides. The chlorobenzene obtained in this manner is mixed with water 
heated to 500°; phenol is formed by passage over a silica catalyst. 

2C # H # + 2HC1 + O,-* 2C 6 H 6 C1 + H a O 

C fl H 5 Cl + HjO-► C,H 4 OH + HC1 

A little diphenyl ether is obtained as a by-product. A new process recently 
introduced into Great Britain from the U.S.A. involves the reaction of benzene 
and propylene to yield cumene or wopropylbenzene which, on catalytic oxidation, 
gives phenol and acetone. This process has the advantage that the acetone 
obtained as a by-product can be sold. 

The preparation from coal tar is effected by washing with dilute sodium 
hydroxide solution the fraction of the tar distilling between 170° and 230° 
(known as ‘carbolic oil’). When phenol alone is required the tar is washed with 
sufficient alkali to extract the phenol alone. Some cresol is also extracted, but 
if the aqueous solution is shaken with another portion of ‘carbolic oil’ the cresol 
is replaced by phenol and an almost pure solution of sodium phenate is obtained. 

The sodium phenate solution is purified by blowing steam through it to remove 
naphthalene, pyridine and neutral oils. The phenol is then separated from 
solution by the addition of acid or by blowing in carbon dioxide. The crude 
phenol is fractionated and further purified by treatment with a small quantity 
of potassium dichromate and sulphuric acid, and redistilled. 

Properties. Phenol forms white crystals which tend to become pink if impure 
and to absorb moisture from the air; it has a sharp burning taste and a charac¬ 
teristic odour. Pure phenol melts at 42*2°; the commercial product should not 
freeze below 39°. The boiling-point is 181-4° and the specific gravity is 1-071 
at 25°. Phenol is soluble in water (8-2 g in 100 g at 15° and in all proportions 
above 65-3°); 100 g of phenol dissolve about 25 g of water at 15°; addition of 
more water causes separation into two layers. Phenol is also soluble in ethanol, 
ether and chloroform. It behaves as a weak acid and dissolves in alkalis. An 
aqueous solution gives a violet colour with ferric chloride and a pale yellow 
precipitate with bromine water of tribromophenol which melts at 93°. 

Phenol is an antiseptic but has been superseded by more potent compounds. 

It is the starting-point in the manufacture of salicylic acid, phenacetin and many 
other compounds. 

Cresol. Hydroxytoluene. CH 3 .C 8 H 4 .OH. 

Preparation. Commercial cresol or cresylic acid is a product of the coal-tar 
industry and is a mixture of the <?-, m- and p- forms. The cresols are extracted 
from the ‘creosote oil’ fraction of coal tar by sodium hydroxide. The sodium 
salts are converted to the crude cresols by adding sulphuric acid and the 
separated product is fractionally distilled; the o- isomer can be obtained from the 
mixture by further fractionation but the m- and p- isomers are more difficult to 
separate. 
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Properties. The three isomers have the following properties: 

o-Cresol is a white crystalline solid melting at 38° and boiling at 190*8°; it is 
soluble in ethanol, ether and chloroform and slightly soluble in water (2*5 g in 
100 gat 20°). 

m-Cresol is a colourless liquid boiling at 202*8°; it melts at 10*9°. 

p-Cresol is a white crystalline solid melting at 36° and boiling at 202°. 

Purified cresol is largely used for the manufacture of Lysol which contains 
50 per cent of cresol dissolved in a solution of soap. Many alkyl derivatives of 
cresol, of which 4-amyl-m-cresol is an example, have higher bactericidal values 
than cresol. For chlorocresol see p. 112. 

Resorcinol. Resorcin. 1 :3-Dihydroxybenzene. C 8 H 4 (OH) 2 . 

Preparation. The di-sodium salt of benzene-1 : 3-disulphonic acid is reacted 
with fused sodium hydroxide and the product is acidified. 

SOgNa ONa 

0sO,N. + 4Na0H — 0U + 2Na>S0 ‘ + 2H ’° 

The disulphonic acid is prepared by reacting fuming sulphuric acid with 
boiling benzene to give the monosubstituted compound and then heating the 
latter at 275° with fuming sulphuric acid which converts it to benzenedisulphonic 
acid. 

Properties. Resorcinol occurs as white crystals with a faint characteristic 
odour. It melts at 110°. It dissolves readily in water, ethanol or ether. Re¬ 
sorcinol gives a red colour when warmed with nitric acid and a dark violet colour 
with ferric chloride solution. It reduces ammoniacal silver nitrate solution and 
Fehling’s solution and gives a heavy precipitate of dibromoresorcinol (m.p. 112°) 
with bromine water. When fused with an equal weight of phthalic anhydride, 
dissolved in dilute sulphuric acid and poured into water a yellowish-green 
fluorescence, due to the formation of fluorescein, is produced. 

Hexylresorcinol. 4-n-Hexylresorcinol. CiaH 18 Og. (II). 

Preparation. Hexoic acid (caproic acid) is reacted at 140° with resorcinol in 
the presence of zinc chloride. Hexoylresorcinol (I) is thus obtained and is 
purified by distillation in vacuo and crystallisation from toluene and light 
petroleum. This intermediate is then reduced with aluminium amalgam in 
ethanolic hydrochloric acid to hexylresorcinol (II). 

(HO) 1 C ( ,H s CO(CHg) 4 CH3 (HO) 3 C 6 Hs(CHg) # CH s 

I II 

Properties. Hexylresorcinol forms colourless crystals that melt at 67*5° to 
69°. It has been used as a urinary antiseptic and as an anthelmintic. 

Creosote. The creosote used in medicine is obtained by the fractional 
distillation of beechwood tar. It contains a mixture of phenolic compounds of 
which the chief are guaiacol (q.v.) and creosol which is 4-hydroxy-3-methoxy- 
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1-methylbenzene. Methyl ethers of trihydroxyphenols, for example 
dimethyl ether of pyrogallol, are also present in creosote. 

Properties, Creosote is a nearly colourless liquid with a strong character 
odour. The specific gravity is 1*070 to 1*087 and it distils between 200° and 2 30 - 
It is optically inactive. 

Guaiacol. The monomethyl ether of 1 : 2-dihydroxybenzene. C 7 H s Ojb- 
(VI). 

Preparation. Guaiacol may be obtained directly from wood tar produced 
the destructive distillation of hardwood or by the fractionation of creosote. I* 
may also be prepared synthetically by the methylation of catechol in an alkaline 
medium with methyl sulphate or by the following process. o-Nitrophenol (III} 
is methylated with methyl sulphate in the presence of sodium hydroxide; the 
o-nitroanisole so obtained is reduced with iron and hydrochloric acid to 
o-aminoanisole (IV) which is purified by distillation in vacuo. It is diazotised 
with sodium nitrite and sulphuric acid and the diazo compound (V) is converted 
to guaiacol (VI) by steam distillation. 



NO, 


j^jjOMe 


Nil, 

^|OMe 

IV 


n 2 hso 4 

Qom, 

V 


OH 

^jjOMe 

VI 


Properties. Synthetic guaiacol forms colourless crystals melting at 28*5° and 
boiling at 203°. The product from creosote is liquid at ordinary temperatures. 
It is slightly soluble in water and readily soluble in most organic solvents. An 
ethanolic solution gives a blue colour with ferric chloride solution. 

Thymol. 6-woPropyl-m-cresol. C 10 H 14 O. (XI). 

Preparation. Thymol is present in volatile oils of thyme and of ajowan seeds 
from which it may be extracted with sodium hydroxide, liberated from the 
sodium compound with acid and purified by crystallisation. Many synthetic 
routes to thymol begin with p-cymene (VII) which is a by-product of the sul¬ 
phite treatment of wood pulp. The following method has been patented (1). 
p-Cymene is nitrated in the 2-position and the nitro compound is reduced to 
2-amino-p-cymene (VIII) which is converted to the 2-amino-5-sulphonic acid 

(IX) ; this is diazotised and reduced to 2-hydrazino-p-cymene-5-sulphonic acid 

(X) . The NH.NH 8 group is removed with copper sulphate and the sulphonate 
group is converted to a phenolic hydroxyl group with potassium hydroxide. 
Thymol may also be obtained by a Friedel-Craft reaction on m-cresol (2). 



112 


THE CHEMISTRY OF DRUGS 


Me 


VII 


Me 



Me 

0 NH ' 

c,h 7 

VIII 



Me 

O NH.NH, 

c 8 h 7 

X 


HSO 



Properties. Thymol occurs as colourless crystals with an odour of thyme. It 
melts at 51° and boils at 232° at 752 mm. The phenylurethane melts at 107° 
and the nitroso compound at 161°. Thymol dissolves in alkalis, and on addition 
of chloroform a violet colour is produced. 


CHLOROPHENOLS 

Chlorocresol. 6-Chloro-3-hydroxytoluene. CH 8 (C 6 H 3 )OH.Cl (1:3: 6). 

Preparation and properties. Chlorocresol is prepared by the chlorination of 
m-cresol. It melts at 65° and is only slightly soluble in water (1 in 250) but is 
readily soluble in organic solvents. Aqueous solutions are strongly bactericidal; 
it is mainly used for the preservation of injection solutions. 

Chloroxylenol. 2-Chloro-5-hydroxy-l : 3-dimethylbenzene. 

(CH^CeH^CIJOH. 

Preparation and properties. Chloroxylenol is prepared by the action of sul- 
phuryl chloride on xylen-5-ol. It melts at 115-5° to 116° and is only slightly 
soluble in water (1 in 3000), more soluble in boiling water (1 in 200), in soap 
solutions and in organic solvents. 

Chloroxylenol is a powerful and non-irritant bactericide and is used as a 
constituent of antiseptic solutions. 

Hexachlorophane. 2 : 2 / -Methylenebis(3 : 4 : 6-trichlorophenol). 

C 13 H«Cl«O a . (XII). 

Preparation. Trichlorophenol is condensed with formaldehyde in methanol 
at 0° to 5° and the crude reaction product is recrystallised from benzene or 
ethylene dichloride (3). 


OH 

Cl/\ H.CHO 

KJa -« 

Cl 


OH OH 

a 05 CH, ~ /> 

Cl 


Cl 


XII 
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Properties. Hexachlorophane occurs as a white odourless crystalline poW'd^- 1 ’" 
that is readily soluble in acetone, ethanol and ether but insoluble in water; 
melts at 162°. Hexachlorophane was introduced in 1944 and is incorporated 
soaps, lotions and creams for cleansing and disinfecting the skin. 


MERCURY COMPOUNDS 

Soon after the introduction of phenol as a disinfectant for wounds mercuric 
chloride was used for the same purpose but, on account of its irritating properties, 
it can only be used in high dilution; it is more useful as a skin disinfectant. In 
order to overcome these drawbacks many organic mercury compounds have 
been introduced. While some of these are powerful antiseptics their efficacy is 
often considerably reduced in the presence of blood serum. The antibacterial 
power is stated to depend on the C e H 6 Hg + cation. 

Phenylmercury nitrate. C # H 5 HgN0 3 . 

Preparation. Pure phenylmercury nitrate is obtained when mercuric nitrate 
reacts with excess of benzene in the presence of mercuric oxide and calcium 
sulphate; these two compounds prevent the secondary effects of the nitric acid 
and water formed in the reaction (4). The mercuration of benzene is preferably 
carried out in an atmosphere of carbon dioxide with high-speed stirring. 

Older methods for the preparation of phenylmercury nitrate (5, 6) lead to a 
mixture of the nitrate and the hydroxide. 

Properties. Phenylmercury nitrate melts at 131° to 131-5° (corr.). It is 
soluble in benzene, ethanediol and diethyleneglycol monoethyl ether (Carbitol), 
but insoluble in water. When treated with potassium iodide a solution of phenyl¬ 
mercury nitrate in acetone gives crystals of phenylmercury iodide, m.p. 264-5° 
to 266° (corr.). 

Phenylmercury acetate. C 6 H 5 HgOOC. CH 3 . 

Preparation. Mercuric acetate is heated for two or three hours at 95° with 
benzene in the presence of glacial acetic acid (7). 

Thiomersal. Thimerosal. Sodium ethylmercurvthiosalicylate. 

' C 8 H fl 0 2 SHgNa. (XIII). 
Preparation. Mercuric chloride is reacted with cthylmagnesium bromide and 
the ethylmercury chloride obtained is converted to the hydroxide by sodium 
hydroxide. Sodium thiosalicylate and ethylmercury hydroxide are then reacted 
together to give thiomersal (8). The free acid melts at 11 O '. 


COONa 



EtHgOH 



COONa 


SHgEt 

) 

XIII 


h 2 o 


Acetomeroctol. 2-Acetoxymercury-4-(l .1:3: 3-tetramethylbuty!)- 
phenol. C u H M 0 8 Hg. (XIV). 
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Preparation. The parent phenol is reacted with the calculated quantity of 
mercuric acetate in aqueous ethanol containing glacial acetic acid. The crude 
product is crystallised from the same solvent mixture (9). 


OH 

jQj— HgOOC.CH, 

Me.d.CHjCMe, 

XIV 


Properties. Acetomeroctol is a white solid melting at 158°. It is soluble in 
ethanol, ether and chloroform, sparingly soluble in benzene and insoluble in 
water. It is used in an acetone - ethanol solution as a topical antiseptic. 

SULPHONAMIDES 

4-Aminobenzenesulphonamide, now known as sulphanilamide, was first 
synthesised in 1908 (10), but the therapeutic value of this type of compound was 
not appreciated until in 1935 Domagk (11) showed that a new azo dyestuff, 
4-sulphamido-2': 4'-diaminoazobenzene possessed highly protective properties 
when injected in cases of experimental streptococcal infections in mice. The 
new compound, called Prontosil rubrum (XV) had been made in 1932 by 
Mietzsch and Klarer and its preparation was patented in 1935 (12). 


HjNSOX 



HjNx^/NHjHCl 

XV 


In 1935 workers at the Pasteur Institute in Paris (13) showed that Prontosil 
rubrum is broken down in the body to 4-aminobenzenesulphonamide which 
had the therapeutic properties of the parent compound. In the following year 
British workers, Colebrook and Kenny (14) and Butde and his colleagues (15) 
published clinical results on the use of Prontosil and sulphanilamide in blood 
infections. Their success was remarkable since, up to that time, no drug was 
known that could be absorbed into the bloodstream and combat infections with¬ 
out damage to the blood cells. Since 1936 research has been directed towards 
the preparation of more active and less toxic sulphonamide compounds. 

Modern theories of the mode of action of these drugs are based on observa¬ 
tions made by Woods and Fildes (16) in 1940. They suggested that, by virtue 
of its structural similarity to 4-aminobenzoic acid, sulphanilamide could replace 
it in certain enzyme systems. Bell and Roblin in 1942 (17) linked ionisation and 
therapeutic activity and showed that the bacteriostatic power of a sulphonamide 
of the type R.NH.S0 1 .C 6 H 4 .NH 1 was proportional to the negative charge on 
the SO s group. 
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Sulphonamide drugs in use today are all substituted amides, 
itself has fallen out of use except as a dusting powder because 
cause toxic side-effects. Even with the more modern derivatives 
effects are not uncommon. The comparative solubilities of the sulp>t* 
are shown in the following table: 


Drug 

i 

Solubility in water 
| g per 100 ml 

16 17 s 

37° 

Sulphanilamide 

0 44 

1 48 

Sulphacetamide 

0 46 

110 

Sulphapyridine 

0-017 

0 054 

Sulphathiazole 

0036 

0 096 

Sulphadiazine 

0 008 

0012 

Sulphadimidine 

— 

0062 

Sulphamerazinc 

— 

0032 

Sulphaguanidine 

— 

0-220 

Succinylsulphathiazole 


0-070 


The solubility generally increases in alkaline solution. The sodium com¬ 
pounds of sulphapyridine, sulphadiazine, sulphacetamide and sulphathiazol e 
are used where increased solubility is required. In addition radicals attached 
to the 4-amino group have been used to confer increased solubility on the 
molecule and for this purpose the aldehyde bisulphite, the formaldehyde 
sulphoxylate and the hexose derivatives have been used. 

Sulphanilamide . 4-Aminobenzenesulphonamide. C g H 8 N 2 0 2 S. (XVII). 

Preparation. 4-Acetylaminobenzenesulphonyl chloride (XVI) is made by the 
sulphonation of acetanilide with chlorosulphonic acid (18) and is reacted with 
aqueous ammonia to yield the corresponding amide. The acetyl group is then 
hydrolysed and sulphanilamide is obtained (19). 


O CISO 3 H 
--- 


> CH 3 C0NH^J^S0 2 C1 
XVI 


* CH 3 C0NH/ r ~\s0 2 NH 2 -> H 2 n/~\s0 2 NH s 




XVII 


Properties. Sulphanilamide is a white crystalline powder that is slightly 
soluble in water, more soluble in solutions of alkali hydroxides, sparingly soluble 
in ethanol and insoluble in ether and chloroform. It melts at 164-5“ to 166-5°. 
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Sulphacetamide. 4-Aminobenzenesulphonacetamide. C a H 10 N a O,S. 

(XVIII). 

Preparation . Sulphacetamide was first prepared by Dohrn and Diedrich (20) 
in 1938 and independently by Northey (21). When sulphanilamide is acetylated 
by acetic anhydride a diacetyl derivative is obtained; the acetyl group attached 
to the amino nitrogen can be removed by careful hydrolysis (22) and sulphacet¬ 
amide is obtained. 

H.n/^SO.NH, - A - °> ch,conh<^^so,nhcoch, 

-♦ h,n/"”\so,nhcoch, 

XVIII 

Properties. Sulphacetamide is slightly soluble in water, more soluble in 
ethanol or acetone, mineral acids and solutions of alkali carbonates; it is insoluble 
in ether. It melts at 181° to 184°. The sodium compound is used in local 
infections of the eye. 

Sulphapyri dine. 2-(4-Aminobenzenesulphonamido)pyridine. 

C„H u N t 0 1 S. (XIX). 

Preparation. Sulphapyridine was first made by Ewins and Phillips (23) and 
was synthesised independently by workers in the U.S.A. (24) and in the U.S.S.R. 
(25). It was the first heterocyclic sulphonamide to be introduced for therapeutic 
use. 2-Aminopyridine is condensed with 4-acetylaminobenzenesulphonyl 
chloride and the acetyl group is removed by hydrolysis. 



Properties. Sulphapyridine is a white crystalline powder, very sparingly 
soluble in water but more soluble in hot water; it dissolves in ethanol, acetone and 
mineral acids and in aqueous alkali hydroxides. It melts at 191° to 193°. 

Sulpha diazine. 2-(4-Aminobenzenesulphonamido)pyrimidine. 

C 10 H 10 N 4 O t S. (XXIV). 

Preparation. This compound was prepared by Roblin in 1940 (26) and is 
made by the usual method from 2-aminopyrimidine (27). 2-Aminopyrimidine 
is made commercially (28) by the reaction of ethyl formate and ethyl acetate in 
the presence of sodium ethoxide to give sodium formylacetic ester (XX); this is 
condensed with guanidine and the wocytosine obtained (XXI) is reacted with 
phosphorus oxychloride and chlorosulphonic acid to give 2-amino-4-chloro- 
pyrimidine (XXII); this is dechlorinated with zinc dust in the presence of 
ammonia and sodium bicarbonate forming 2-aminopyrimidine (XXIII). 
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H.COOEt + CHjCOOEt + NaOEt -► NaOCH=C: 

XX 


H,NC 


NH NaOCH 

^ + /CH ■ 

NH, 0=C.C0Et 

XX 


N = POC1, /' JSr 

h ’ n O.-* 



N OH 
XXI 




Zn 


■* h » n < 

N 

XXIII 



Properties. Sulphadiazine melts at 252° to 256°. It is a white powder th& 
darkens on exposure to light. It is soluble in hot water, in mineral acids an<J *** 
alkali hydroxide solutions. It is sparingly soluble in ethanol and acetone an** 
insoluble in ether or chloroform. 

Sulphadimidine. 2-(4-Aminobenzenesulphonamido)-4 : 6-dimethylpyrim*" 
dine. C u H 14 N 4 0,S. (XXVII). 

Preparation. 2-Amino-4: 6-dimethylpyrimidine (XXVI) is converted to 
sulphadimidine by the same process as is used for the preparation of sulpha- 
pyridine (29, 30, 31). The 2-amino-4 : 6-dimethylpyrimidine is obtained by the 
condensation of acetylacetone (XXV) (made from ethyl acetate and acetone) 
with a guanidine salt. In an alternative synthesis (32) of sulphadimidine acetyl¬ 
acetone is condensed with sulphaguanidine. 


H,NC 


✓ 

\ 


- Me 2 CO 

+ NaOMe - 

—► MeCOCH,COMe 

NH 

HOC. Me 

N Me 

+ 

^CH - 

- h <3 

NH, 

0=C. Me 

NMe 


XXV 

XXVI 


Me 


,—V ^NH >—v N^\ 

H * N \ = / SO ’ NHC \ NH + <XXV) -“ H . N O S0 *NH\ ) Mc 


Sulphaguanidine 
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Properties. Sulphadimidine melts at 196° to 199°. It is a white powder, 
soluble in acetone, slightly soluble in ethanol or water and freely soluble in 
mineral acids or aqueous solutions of alkali hydroxides. 
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Sulphathiazole. 2-(4-Aminobenzenesulphonamido)thiazole. C 9 H 9 N 3 O s S a . 
(XXVIII). 

Preparation. Sulphathiazole was introduced by two groups of workers at about 
the same time (33, 34). In Great Britain and the U.S.A. the usual manufacturing 
method has been based on the reaction of dry 4-acetylaminobenzenesulphonyl 
chloride in dry pyridine with 2-aminothiazole and the hydrolysis of the resulting 
acetylsulphathiazole. This involves drying the acid chloride and aminothi azole 
and recovering the pyridine. In German practice the moist raw materials and no 
pyridine are used (35). Under these conditions a disulphonyl derivative of 
aminothiazole forms and one benzenesulphonyl group is wasted on hydrolysis. 


2CH,CONH^^>SO t Cl+H,Nl(ni 

(=RC1) S 


>4j) 

R X S 


NaOH 
-► 


/ _ 

h , n O S0 ‘ NH (7 +H 2 N<^^>S0 3 Na 

S 


XXVIII 


The 2-aminothiazole required for the manufacture of sulphathiazole was 
formerly obtained by the reaction of thiourea with 1 : 2-dichloroethyl ether, but 
now most 2-aminothiazole is manufactured from vinyl acetate, which is chlori¬ 
nated at —5° to form 1 : 2-dichloroethyl acetate (XXIX) and this is condensed 
with thiourea with the formation of 2-aminothiazole (36). 

.NH C1CH 2 N—n 

H 2 NCf + | —► H 2 Nt[ J) + CH 3 COOH + HC1 

\SH CH 3 COOCHCl s 

XXIX 

Properties. Sulphathiazole is a white powder melting at 200° to 203°; it is 
almost insoluble in water, slightly soluble in ethanol and soluble in mineral acids 
and in aqueous solutions of alkali hydroxides and carbonates. 

Sulphamerazine. 2-(4-Aminobenzenesulphonamido)-4-methylpyrimidine. 
C„H 12 N 4 0 2 S. (XXXI). 

Preparation. 2-Amino-4-methylpyrimidine is converted by the same pro¬ 
cedures as are used for the preparation of sulphapyridine (26, 37). Instead of 
4-acetylaminobenzenesulphonyl chloride, carbethoxyaminobenzenesulphonyl 
chloride (XXX) has been used (38). The 2-amino-4-methylpyrimidine may be 
obtained by condensing ethyl acetoacetate with guanidine carbonate and then 
following the procedure described under sulphadiazine for the preparation of 
2-aminopyrimidine (39). Other routes have also been used (40). 



BACTERICIDES AND BACTERIOSTATS 


1 19 


EtOO CN H SO 2 Cl 



EtOOCNH^^>SO ; 



IVIe 


XXX 


NaOH N i| / ^l 

-► H,N\ 7S0,NHll jMe 

X=/ N 


XXXI 

Properties. Sulphamerazine melts at 235° to 239° (dec.). It is a white W ^or 

but may darken on exposure to light. It is almost insoluble in water, ^ er ” 

chloroform and sparingly soluble in ethanol; it dissolves in mineral acids ° 
solutions of alkalis. 

Sulphaguanidine. 4-Aminobenzenesulphonylguanidine hydrate- 

c t h 10 n 4 o,s.h 2 o. 

Preparation. 4-Acetylaminobenzenesulphonyl chloride may be -- _ roU p 

with guanidine nitrate in the presence of sodium hydroxide and the acety 

removed by acid hydrolysis (41). Alternatively the acetylated at 

obtained on fusing 4-acetylaminobenzene sulphonamide and dicyanodia^ t j eS 0 f 

205° (42). A more direct method is that by which equimolecular 

sulphanilamide and guanidine carbonate are heated in an autoclave a *- 

the crude reaction product is then purified (43). r 

NH 



con 


H * N< \3 >s ° iNH * + h * nc \ 


H 


n/"\so„nhc 




NH, 




1ST H 


XXXII - 

at i 90 

Properties. Sulphaguanidine is a white crystalline powder which rnel'ts 
to 192-5°. It is soluble in hot water and sparingly soluble in cold water** 

or acetone; it dissolves in mineral acids but is insoluble in alkalis. ^—3 - ^— 

Sulphafur azole. Sulfisoxazole. 5 -( 4 -Aminobenzenesulphonami 0 
dimethylisoxazole. ChH^NjOjS. (XXXIII). iambi 0 ' 

Preparation. The usual method may be used (44) in which 4 -acetjf^^j^ i* 1 
benzenesulphonyl chloride is reacted with 3 : 4 -di met hyl- 5 -ami noisome 
pyridine and the acetylated compound obtained is hydrolysed to fort 1 " 1 
furazole. 


O Me 

SOjNH 


.Me 


u N 
\ / 

O 


XXXIII 


o i q 5°- It * s 

Properties. Sulphafurazole is a white powder melting at 192° to lT1 bat:i x1 ^ 
soluble in water and has a high solubility in urine and is useful in c ° 
urinary infections. 
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Succinylsulphathiazole. 2-(4-Succinylammobenzenesulphonamido)thia- 
zole monohydrate. C 11 H 13 N 1 0 6 S 1 .H 1 0. (XXXIV). 

Preparation. First prepared by Moore and Miller in 1942 (45) by the reaction 
of sulphathiazole with succinic acid or succinic anhydride, succinylsulphathi¬ 
azole can also be obtained by reacting 4-succinylaminobenzenesulphonyl 
chloride with 2-aminothiazole (46). 

Properties. Succinylsulphathiazole is a white powder that darkens on exposure 
to light; it melts at 188° to 195° (dec.). It is soluble in aqueous alkalis and 
sparingly soluble in ethanol and acetone but almost insoluble in water. It is 
absorbed only to a very small extent in the alimentary tract and is used for the 
treatment of bacillary dysentery. 



XXXIV R=HOOC.(CH 1 ) a CO— 

XXXV R=HOOC. C 6 H 4 . CO— 

Phthalylsulphathiazole. 2-(4-Phthalylaminobenzenesulphonamido)thiazole. 
C 17 H ls N # O a S 1 . (XXXV). 

Preparation. The method is similar to that for succinylsulphathiazole (45,46). 
Properties. Phthalylsulphathiazole does not melt normally but chars at about 
260°. It is a white powder, insoluble in water and chloroform and slightly 
soluble in ethanol. It resembles succinylsulphathiazole in its action but its 
bacteriostatic activity is about twice as great. 


CATIONIC ANTISEPTICS 

This group of therapeutic agents includes some quaternary ammonium com¬ 
pounds, the basic dyes and the acridine antiseptics. 

Quaternary Ammonium Compounds 

The antibacterial properties of quaternary compounds was first observed in 
the late nineteenth century when the carbonium dyestuffs such as auramin, 
methyl violet and malachite green were found to be active. In 1916 Jacobs 
and later Browning investigated some quaternary compounds for therapeutic 
use, but it was the work of Domagk in 1935 (47) that really stimulated research 
into these compounds. He showed that a quaternary ammonium salt containing 
a long aliphatic group had very useful germicidal properties. Nowadays this 
group of compounds is commercially important and many are available for 
use (48). 

The general formula for the quaternary ammonium compounds is 
(R i R 1 R 8 R 4 N) + . X~, where the nitrogen atom is positively charged and X is an 
anionic group such as chloride or bromide. The complex cation is responsible 
for the antibacterial activity resident in the molecule and the anion may be 
changed without affecting this activity. The positively charged cation confers 
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detergent properties on the molecule and it is this combination of detergency 
and antibacterial activity that makes these compounds valuable. They are used 
for the cleansing of wounds as well as for the sterilisation of dairy and domestic 
utensils. Since the activity is due to the free cation any factor suppressing 
ionisation lowers activity as, for instance, soaps, anionic detergents sand acids. 

The methods of preparation of these compounds usually follow' a standard 
pattern. An amine is alkylated with an alkyl halide and the product purified. 
The two major industrial routes starting from a long-chain fatty acid R. - COOH 
are shown below. In process A the acid is converted to an ester arid thence t>y 
reduction to the alcohol. Reaction with hydrochloric acid furnishes the alkyl 
halide which is reacted, first with a secondary amine and then with. an aralky 

halide. In process B the acid is reacted with ammonia to give the nitrile OI ^ 

reduction yields the primary amine and this may be alkylated to form tfie n oa 
product. Process A may be linked to process B by the alkylation of the prirn ary 

carried out 
acid and 


amine R.CHgNH, to the tertiary amine R.CH,NR,. This step is 
by the Eschweiler reductive alkylation method by the use of formi' 
formaldehyde as reagents when a dimethylated amine is required. 


,R.CH s OH 


R.COOH 


—> R.CHjCl 
Process A 


\ 


R.CN 


R. CH,NMe, 


R.CHjNH, 


CH»N 1^1 


R'Cl 




cri 


by 


I 


rhlori 


ide- 


ha» 


the 


Iso 


dky 1 


Process B 

A review of quaternary ammonium germicides has been published 
Benneville (49). 

Benzalkonium chloride. Alkylbenzyldimethylammonium c 
(CjHjCHjNMejRJCl where R is between C 8 H 17 and C 18 H S7 . 

Preparation. Process A above is used. The corresponding sulphonate 
been used (50). 

Properties. This compound is not a single chemical entity because -wrder 

chloride used is impure. Benzalkonium chloride is a white amorphous^ £1 j s< > 

with a bitter taste. It is very soluble in water and foams in solution; 
soluble in ethanol or acetone and slightly soluble in benzene. J )- 

Cetrimide. Hexadecyltrimethylammonium bromide. C lt H 42 BrN- j t - - 

Preparation. Hexadecylamine is reductively methylated to dimethyl ^ 2). 

cylamine which, when reacted with methyl bromide under pressure ( * 

yields cetrimide. 

MeBr 


C ie H 38 NMe, 


CigHjjNMejBr 


Properties, Cetrimide is a white non-hydroscopic powder melting at _ n t - 

o T. __. .i_ . _ i _ t _ 1 Jctcrm 


237°. It is very soluble in water; the solubility curve has been 
(53, 54). The chloride is known as cetrimonium chloride and melts at 
the nitrate melts at about 195°. 

Cetylpyridinium chloride. C M H 40 C1NO. (XXXVII). 
Preparation. Pyridine is alkylated with hexadecyl chloride (55). 


22S 


235 
•m* 
(dec 


to 
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+ C1(CH 2 )i 5 CH s —* <^N-C„H SS 


Cl.HoO 


XXXVII 


Properties. It is a white powder, soluble in water, ethanol and chloroform. 
The monohydrate melts at 80° to 83°. 

Benzethonium chloride. Benzyldimethyl { 2-[2-(p-l: 1: 3 : 3-tetramethyl- 
butylphenoxy) ethoxy] ethyl} ammonium chloride monohydrate. 

C„H„NO*Cl.H t O. (XXXVIII). 

Preparation. Phenol with the appropriate paraffin chain in the 4-position is 
reacted with dichloroethyl. ether. The product obtained is reacted first with 
dimethylamine, then with benzyl chloride (56). 

Me s 

Me,. C. CH,. C(Me,)/~\o(CH,),. 0. (CH,),N. Cl. H,0 

CH, 

XXXVIII 



The product is a white water-soluble powder with a bitter taste. 

Domiphen bromide. Phenoxyethyldimethyldodecylammonium bromide. 
C„H 40 BrNO. 

Preparation. Phenoxyethyldimethylamine is reacted with dodecyl bromide 
for 2 hours on a water-bath (57). 

Properties. Domiphen bromide is a white powder melting at 112°; it has a 
bitter taste. At 20° 1 part dissolves in less than 2 parts of water or ethanol and 
in 30 parts of acetone. The aqueous solution is neutral in reaction and is stable 
towards acids and alkalis. The chloride melts at 129° to 130° (58). 

Dequalinium chloride. Decamethylene-1 : 10-bis(4-aminoquinaldinium) 
dichloride. C 80 H 40 C1 ? N 4 . (XXXIX). 

Preparation. 4-Aminoquinaldine is quaternised by 1 : 10-diiododecane and 
the resultant quaternary iodide is converted to the chloride by reaction with 
silver chloride in methanol (59). 


2 



Cl 


quaternary 
" iodide 



k 


XXXIX 
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Properties. The compound is a white powder with a bitter taste melting at 
320° (dec.) and is slightly soluble in water (0’5 g. per 100 g.) at room temp>eratu re. 
The iodide melts at 306° (dec.) and the nitrate at 299° to 301° (dec.)- 'l'his anti¬ 
microbial agent was introduced in 1956. 

Dimethyl(2 - N - methyldodecanamidoethyl)phenylcarbanr».o;y'lmeth*.y 1 
chloride. C m H 44 C1N 3 0 2 . (XL). 

Preparation. The appropriate tertiary amine is reacted with phenylcarbamoy I — 
methyl chloride (60) in boiling ethyl acetate. The product may be recrystallised 
from acetone and then melts at 124°. 


C n H 23 CONMe(CH 2 ) a NMe 


<^^>NHCOCH a Cl 


C^H^CONMefCH,)* 


<^^>NHCOCH a ' 


1ST Me a - e l 


ACRIDINE DERIVATIVES 

A number of aminoacridines are in use as antiseptics, the most i ,ri l 
being acriflavine, proflavine, 2 :7-diaminoacridine and aminacrine- 
numbering of the acridine ring is likely to cause confusion. The systems u 
this country is A, but in the U.S.A. system B is used. 

: 060 s 00 ) 


. The 

usual * rl 


A B 

A thorough investigation of the aminoacridines by Albert, Linnell 
has revealed that there are certain relations between their chemical ^ 

and pharmacological action (61). In this series is found a classic 

positive correlation between ionisation and biological activity- oll 

structure in the series is unimportant except in so far as it renders a 
more or less basic, i.e. more or less able to form the acridinium cation- ^ 


others 

tut iou 

& ‘> f 

»m i 


more or less basic, i.e. more or less able to form the acridinium cation - otul^y 

The discovery of the antibacterial properties of acridines arose a cCI 
from Ehrlich’s search for trypanocides; the trypanocidal properties of t:r> r F > 11 

(a fuchsin-type dye) were found to be dependent on the presence of a teStc d 
amount of acridines as impurities. All the available acridine dyes ^ re ak 

and acriflavine was synthesised. This work was done in 1912 (62). Tfr e 
of war in 1914 led to an increased demand for antibacterials and 
introduced proflavine and acriflavine. The war of 1939-45 led to the intro 
of aminacrine (64). 

Acriflavine. 2 : 8-Diamino- 10-methylacridinium chloride. 

( XLI )* rT , L . -1012 fc>y 
Preparation. This substance was first made by Benda in v 
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methylating diacetylated 2: 8-diaminoacridine with methyl />-toluenesulphonate 
and hydrolysing the acetyl groups with hydrochloric add. In a second method 
dimethyl sulphate is used as alkylating agent (65). A modern approach avoids 
the acetylation and hydrolysis. Proflavine base is methylated with methyl 
sulphate in nitrobenzene; addition of hydrochloric acid to the product gives the 
dihydrochloride which is converted to free acriflavine base by the addition of 
sodium carbonate (66). 



A 


Cl 

H.N^ 

V 




| 

Me 




XLI 


Properties. The name has often been applied also to the monohydrochloride. 
The commerdal product is a mixture of the hydrochlorides of 2 : 8-diamino- 
10-methylacridinium chloride and 2 : 8-diaminoacridine and contains approxi¬ 
mately one-third of its weight of 2:8-diaminoacridine dihydrochloride. It 
therefore has no definite melting-point. Proflavine hemisulphate is now more 
often used. 

Proflavine. 2: 8-Diaminoacridine. C„H n N,. (XLII). 

Preparation. Proflavine is most easily prepared by the one-stage reaction 
between m-phenylenediamine, formic acid, glycerin and concentrated hydro¬ 
chloric arid (66, 67). Oxalic acid may be used instead of formic arid and is 
converted to the latter compound in situ. The overall reaction is catalysed by 
hydrogen ions. 

H 

C 


/v\ + 

HjN NH, 


✓ \ 

O OH 


+ /V\ 

H t N NH, 



NH, 


Properties. Proflavine base melts at 276° (sealed tube). The hemisulphate , 
B 8 H 2 S0 4 H,0, is the salt usually used; this is an orange crystalline powder, 
soluble in water (1 in 150), in boiling water (1 in 1) and in glycerin (1 in 32). A 
dilute aqueous solution shows a green fluorescence. 

2 : 7-Diaminoacridine. C ls H n N,. (XLIII). 

Preparation. This compound is made by a method similar to that used for the 
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2 : 8- isomer. 3 : 4-Diaminodiphenylamine, glycerin, formic acid and 
trated hydrochloric acid are heated together (68). 



NH, 


+ H.COOH 



conccn- 


NH 


XLIII 

The base forms orange-yellow crystals melting at 355°. 

Aminacrine. 5-Aminoacridine. C 1S H 10 N„ (XLIV). 

Preparation. N-Phenylanthranilic acid is ring-closed by means of phosphorus 
oxychloride to yield 5-chloroacridine; this is dissolved in phenol forrrung 
5-phenoxyacridine which, on treatment with gaseous ammonia, gives 5 -arnmo- 
acridine hydrochloride which can be purified by crystallisation from 
(69, 70). 


COOH 



P0C1, 



NH 


C,H 6 OH 

NH, 



Properties. The base melts at 235°. The hydrochloride , C 1S H 10 N, - H^l - 
is used as a local antiseptic; it is soluble in water (1 in 300 at 20°), less so* 1 - 1 
normal saline solution (1 in 2000). The solution is highly fluorescent. 


H 


i n 


Antiseptic Dyestuffs 

Brilliant green and crystal violet are triphenylmethane dyes. Since 
antiseptic potency is linked in this series with basicity it appears that, 33 
case of the acridines, the antibacterial action is dependent on the cation - 
Brilliant green. The hydrogen sulphate of di(p-diethyl amino)— 
carbinol anhydride. C, 7 H, 4 N,0 4 S. (XLV). dvxot 

Preparation. Diethylaniline is condensed with benzaldehyde, the P r ° 
oxidised and converted to the hydrogen sulphate (71). 

r * n O \ /=\ * 

C=< >=NR,.X- 

o 

XLV. Y=H, R=Et, X=HS0 4 
XLVI. Y=NMe„ R=Me, X=C1 

Properties. Brilliant green forms glistening golden crystals; it is 
water (1 in 5) and in ethanol. It has been used in the treatment of infected, 
and burns. 
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Crystal violet. Methylrosaniline chloride. Medicinal Gentian violet. 
Hexamethyl-p-rosaniline chloride. C M H S0 N,C1. (XLVI). 

Preparation. First prepared by Caro in 1884 it is now made by the reaction 
of phosgene with dimethylaniline in the presence of zinc chloride. 

Properties. Crystal violet forms greenish-bronze crystals, soluble in water 
(1 in 150) and in ethanol (1 in 20). It is used as a skin antiseptic and, since 1930, 
as an anthelmintic. 

Methylene blue. Tetramethylthionine chloride. C li H 18 N,ClS.3H 2 0. 

Preparation. NN-Dimethyl-p-phenylenediamine is oxidised by sodium 
dichromate in the presence of dimethylaniline, sodium thiosulphate and zinc 
chloride. 

Properties . Methylene blue forms dark green lustrous crystals, soluble in 
water, ethanol or chloroform. It is a weak antiseptic. 


CHLORINE COMPOUNDS 

Chloramine. Chloramine T. Sodium p-toluenesulphonchlorpamide. 

C 7 H T ClNNaO t S.3H a O. (XLVII). 
Preparation. Toluene is converted to toluene-4-sulphonyl chloride which is 
treated with ammonia to yield the amide. Reaction with sodium hypochlorite 
gives chloramine (72). 

O 



XLVII 


Properties. Chloramine is a white crystalline powder with a bitter taste and a 
faint chlorine-like odour, it slowly decomposes when exposed to air, moisture 
and light. The water of crystallisation is lost at 100°. Chloramine is soluble at 
20° in 7 parts of water and at 100° in 2 parts. An aqueous solution is alkaline to 
phenolphthalein. It dissolves in 12 parts of ethanol at 20° and is insoluble in 
ether, chloroform and benzene. 

Chloramine was originally prepared by Chattaway in 1905 and was extensively 
used as a wound disinfectant in World War I. 

Halazone. 4-Carboxybenzenesulphondichloroamide. 4-(Dichlorosulphamyl)- 
benzoicacid. C 7 H 5 C1 2 N0 4 S. (XLVIII). 

Preparation. Toluene-4-sulphonamide may be prepared as described above 
under Chloramine, the methyl group being oxidised to carboxyl (73, 74). Alter¬ 
natively 4-carboxybenzenesulphonamide can be prepared and reacted with 
sodium hypochlorite (75). 

HOOC<^ _ SsO.NCl, 


XLVIII 
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Properties. Halazone was introduced by Dakin in 1918 and is used in. tablets 
for the sterilisation of drinking water. It is a white crystalline powder that has 
a chlorine-like odour. It melts at 213°. It is soluble in glacial acetic acid and in 
alkali hydroxide solutions, but is sparingly soluble in water or chloroform. 

Chloroazodin. 1 : r-Azo-bis(chloroformamidine). C 8 H 4 C1 8 N S _ (XLIX). 

Preparation. Guanidine or one of its salts is chlorinated with sodium liypo- 
chlorite at 0° (76, 77). 

H,N NHj 

\ / 

C—N=N—C 

/ \ 

CIN NCI 

XLIX 

Properties. Chloroazodin was introduced in 1934 as a wound antiseptic f° r 
which it is used as a solution in glyceryl triacetate. It forms yellow crystals t si 
have a faint odour of chlorine. It explodes at 155° and is decomposed t>y 
or on contact with metals. It is almost insoluble in water and sparingly sot*- 1 
in ethanol, glycerin and chloroform. 

Chlorhexidine dihydrochloride. bis(p-Chlorophenyldiguanido)lte?ts. 

hydrochloride. C 22 H 20 C1 2 N 1( ,.2HC1. (LI). oT>o^' 

Preparation. 1 : 6-Hexanediamine is first reacted with two molecular* P r 
tions of sodium dicyanimide in boiling butanol yielding hexamethyl erie 'line 
(dicyandiamide) (L). This is heated with the hydrochloride of 4 -chloroa^^ 
in 2-ethoxyethanol yielding crude chlorhexidine dihydrochloride 
filtered and recrystallised from 50 per cent aqueous acetic aid (78, 79)- 
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NH 


NH.C.NHCN 


+ 2HC1.H 2 N^^>C1 


NH.C.NHCN 


NH 


(CH 2 ) ( 


NH 
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NH.C.NH.C.NH<^ S>C1 
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Properties. Chlorohexidine is a colourless strongly basic solid, melting at 134°. 
The dihydrochloride melts at 260° to 262° (dec.). It is slightly soluble in water 
at 20° (0 06 g in 100 ml). The diacetate melts at 154° (corr.) and is soluble in 
water at 20° (1*9 g in 100 ml). Chlorhexidine salts were introduced as anti¬ 
septics in 1954 (80). 
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CHAPTER X 


Tuberculostats and Anti-Leprotic Drugs 

TUBERCULOSTATS 

The micro-organism which causes tuberculosis is known as Mycobacterium 
tuberculosis. It is difficult to kill, and rapidly becomes resistant to chemothera¬ 
peutic agents. In addition, once the bacterium has entered the body, it soon 
becomes encased in a nodule of tissue, and it can then only be reached with 
difficulty by drugs. Many chemical compounds have been found to be active 
in vitro, but very few are active in vivo . Even those that are active must be used 
with discretion, since drug resistance is an ever present danger. 

The tuberculostats now in use include 4-aminosalicylic acid, thiacetazone, 
isoniazid and streptomycin. The last substance is an antibiotic, and its prepara* 
tion and properties are described in Part II, Chapter XVII. 

An account of the search for new synthetic tuberculostats indicates the large 
part played by chance in their discovery. 

4-Aminosalicylic acid. C 7 H 7 NO s . (I). This compound was introduced by 
Lehmann (1) in 1946. He knew that benzoates and salicylates caused increased 
respiration in pathogenic mycobacteria, and on the assumption that these com¬ 
pounds were essential metabolites, he searched for a competitive inhibitor of 
their action. 4-Aminosalicylic acid was the most active of fifty benzoic acid 
derivatives tested. It now appears, however, that 4-aminosalicylic acid competes 
not with salicylic acid but with 4-aminobenzoic acid. 

Preparation. The Kolbe-Schmitt carboxylation of 3-aminophenol is used: 

COOH 

+ co 2 - heat > 

pressure 

NH, NH* 

I 

The reaction may be carried out in the presence of aqueous alkaline bicarbo¬ 
nates (2, 3, 4) or with dry potassium carbonate (5). The crude acid is purified 
by conversion to its sodium salt and reprecipitation with mineral acid (6). 

Properties. 4-Aminosalicylic acid is a white powder of m.p. 135° to 140° (dec.). 
It is soluble in ethanol at 25° (1 part in 21) and sparingly soluble in water (1 part 
in 500). It dissolves in aqueous sodium bicarbonate solution. 

Sodium aminosalicylate is now widely used in conjunction with streptomycin 
to prevent the emergence of bacteria resistant to the antibiotic. 

Thiosemicarbazones. In 1944, Peak et al . (7) noticed that a sulphonamide 
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was active against Mycobacterium tuberculosis in vitro. It was 2-sulphanilamido- 
5-methyl-l : 3 : 4-oxadiazole (II, X=0). Later, 2-sulphanilamido-5-methyl- 
1:3: 4-thiadiazole (II, X=S) was also found to be active. These compounds, 
their homologues and derivatives were inactive in vivo. 


N—N 


H 1 N<* r_ \s0 1 NH.C a CMe 




\ X 


II 


HjN<^ ^>SO a NHC=N—N=CHMe NH S . G=N—!Sr== CM< 

L SE, 


III 


IV 


Modifications of the structure were sought and uncyclised forms ° t 
thiadiazole, in which fission may be regarded to have occurred at aa in (^^)* j _ 

investigated. The open chain compound corresponding to (II) is 4-sulpl^ raily 1 
3-methyltrothiosemicarbazone (III). Such compounds containing the sxilp n 
group were inactive, but the simple 3-alkyltsothiosemicarbazones such as ace 
3-ethyliiothiosemicarbazone (IV) possessed activity in vitro but not m y 

During the same period, Domagk and his chemical colleagues in * t j tC 

were working along similar lines to the British team. Domagk, too, f° u _ rt:t j 
thiadiazole structure (II, X—S) to be active. This compound has been P 
from the corresponding acetylated thiosemicarbazone (V) by the ° 

process (8): 

CH 8 CONH<(^>SO a Cl + NH a C—NH—N=CHlVler 


NH—N 


CH.CONH 


<^Sso 2 nh.(!: nh . 




X 


Me 


N—N 


1. cyclisation 
-► 

2. hydrolysis 


A —V II II 

NH a <^J>SO a NH.C C.Me 


\/ 

S 


4-Acetylaminobenzenesulphonyl chloride when reacted with aceta c y C Ji- 
thiosemicarbazone yields the sulphanilyl thiosemicarbazone (V) which °^j ier ni st 
sation and hydrolysis gives the thiadiazole. When supplied by the rj^j^ere- 
Behnisch with the intermediate (V) Domagk found it to be active in 
fore, thiosemicarbazones were investigated and 4-acetylaminohenz 
thiosemicarbazone (thiacetazone) has gained a place in therapy. 
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It is of interest that notwithstanding the apparent logic of the approach, the 
activities of the thiadiazoles and of the thiosemicarbazones are in fact entirely 
unrelated. In addition, the fact that the irothiosemicarbazones are more closely 
related structurally to the thiadiazoles than are the thiosemicarbazones is 
apparently without significance. 

Thiacetazone. Amithiozone. 4-Acetylaminobenzaldehyde thiosemicar- 
bazone. C 10 H ls N 4 OS. (VII). 

Preparation. Thiacetazone may be prepared by the direct reaction between 
4-acetylaminobenzaldehyde and thiosemicarbazide, NH,. NH. CS. NH, (9), but 
thiosemicarbazide is expensive and cheaper methods have been investigated. 
Potassium thiocyanate, for example, may be reacted with hydrazine sulphate and 
the resultant aqueous solution of hydrazine thiocyanate (VI) may be reacted 
(10) with 4-acetylaminobenzaldehyde in acetic acid to yield thiacetazone (VII). 


2KCNS + (NH,NH,),H,S0 4 


ch,conh.c,h 4 cho 


-> NH,NH,.HCNS 
VI 


ch,conh/~\ch=nnhcsnh, 

VII 


In a variation of this approach (11) 4-acetylaminobenzaldehyde was reacted 
with hydrazine to give the hydrazone RCH=NNH, which was reacted in aqueous 
hydrochloric acid with ammonium thiocyanate to give thiacetazone. Other 
methods have been employed (12). 

Properties. Thiacetazone is a white crystalline powder possessing a bitter 
taste. It melts at 226° to 227° (dec.). It is insoluble in water, sparingly soluble 
in cold ethanol but soluble in hot ethanol, soluble at 20° in 100 parts of ethylene 
glycol. It is almost insoluble in chloroform or ether. Thiacetazone was intro¬ 
duced in 1946 (13), but has not been used widely in Britain or the U.S.A. 

Isoniazid. woNicotinic acid hydrazide. uoNicotinoyl hydrazine. C e H 7 N s O. 
(X). First prepared in 1912 (14) the antitubercular properties of this compound 
were unknown until 1952 when independent announcements were made by three 
groups of workers, two in the U.S.A. (15,16) and one in Germany (17). Fox (18) 
has described how the discovery occurred in his laboratory. Thiacetazone (VII) 
had been known since 1946 to possess antitubercular powers and it was a 
logical step to attempt the preparation of wonicotinaldehyde thiosemicarbazone 
(VIII) where the 4-amino group of thiacetazone has been replaced by the 
pyridyl nitrogen. 

CH=NNHC. NH, CH=NNHC. NH, 



NH.CO.CH, 

VII VIII 
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woNicotinaldehyde proved difficult to prepare, however, and so a s)rntlie s i s of 
wonicotinaldehyde thiosemicarbazone was devised, which went through tso- 
nicotinic acid hydrazide as an intermediate. The thiosemicarbazone 'was active 
but when the hydrazide was tested, it too was found to be active. 

Preparation. 4-Ethylpyridine (IX), prepared from pyridine aTid 
anhydride (19), is oxidised (20, 21, 22) to tronicotinic acid which is cc»jr»'V' e 
its methyl (23, 24) or ethyl ester (21, 25, 26). The ester is reacted witl* ^5 per* 
hydrazine in boiling ethanol and on cooling isoniazid (X) is obtained 
recrystallised from ethanol (27, 28). 


acetic 
;d to 



sol u ^^ e 

Properties. Isoniazid is a white crystalline powder of m.p. 173°. It jt 

at 20° in 8 parts of water, 100 parts of ethanol and 1000 parts of chlorof”o 
is insoluble in ether. Mycobacterium tuberculosis rapidly becomes res» s _ 

isoniazid and the drug is often used in conjunction with streptomycin or 4-— a 
salicylic acid. 


ANTI-LEPROTIC DRUGS 

Leprosy is caused by Mycobacterium leprae. This micro-organism has _ to 
been cultivated, nor has it given a progressive disease in animals. 
combat leprosy must therefore all be given clinical trial. Even this is 
elusive, for even in the absence of treatment the disease waxes and ' vaflC Jjnjg 
may die out completely. Owing to these circumstances, the activity °^ 3 
under trial is difficult to assess. ^ 

The sulphones are the drugs of choice, but they are far from ideal, for alt five 
clinical arrest of the disease is fairly easily achieved, it may take three 
years to eradicate the micro-organisms from the body. Dapsone (XIV) i s vV * are 
used and is the basis for the synthesis of many similar compounds t* 1 one 
claimed to be less toxic and more active. However, these derivatives of dap 
are expensive and the present tendency is to use small doses of dapsone in ” 
of larger doses of the less toxic derivatives. 

Dapsone. 4 : 4'-Diaminodiphenylsulphone. 4 : ^-Sulphonyl-bisanil 11 }^' 

c ls H„N,o 2 s. <xy o 
Preparation. 4-Acetylaminobenzenesulphinic acid (29, 30) is first conve ^ 
its sodium salt (XI) which is then reacted in a mixture of ethylene gly co , 
ethoxyethanol with l-chloro-4-nitrobenzene (XII). The 4-nitro— 4- -a c ^ 
aminodiphenylsulphone (XIII) so obtained is filtered and dried. ^ h 
group is then reduced with stannous chloride in hydrochloric acid an 
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acetyl group is simultaneously hydrolysed. Addition of caustic soda precipitates 
the required diamine. It can be recrystallised from 95 per cent ethanol (31). 


CHgCONH^^SO.Na + Cl<Q^>NO t 

XI XII 



CH,CONH<^^—SO,—^^NO, 


XIII 


1. SnCla/HCl 
-» 

2. NaOH 


SO,— 

XIV 


Properties. Dapsone is a white crystalline powder that exists in two forms, 
melting at 178*5° and 180*5°. The normal melting-point range is 176° to 181°. Itis 
soluble in ethanol, acetone and excess of dilute hydrochloric acid, but it is 
insoluble in water. When diazotised and the solution heated, di-4-hydroxydi- 
phenylsulphone m.p. 146° is obtained. 

Solapsone. This substance consists mainly of the hydrated tetrasodium salt 
of 4 : 4 / -di(3-phenyl-l : 3-disulphopropylamino)diphenylsulphone. 

C, 0 H li N,O 14 S B Na 4 . (XV). 

Preparation. Dapsone is treated with cinnamic aldehyde and 4 : 4'-dicinna- 
mylideneamino diphenylsulphone is obtained. This is digested with aqueous 
sodium hydrogen sulphite (32, 33) to yield solapsone (XV). 


. CH,.CH.HN<^^> 

SO,Na SOgNa 
XV 


so. 


Properties. Solapsone consists of a major component which comprises 94 per 
cent of the total, and 6 per cent of a minor component (34). It is insoluble in 
organic solvents and very soluble in water. 
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CHAPTER XI 


Trypanocides 


Trypanosomiasis or sleeping sickness is a disease of men and cattle in 
tropical Africa. The therapy of human trypanosomiasis is sufficiently effective 
for the disease to be kept under control, and the immediate problem in Africa 
is the control of sleeping sickness in cattle. Trypanosomes, the causal organisms, 
are flagellated protozoa that are transmitted by the bite of the tsetse fly. An early 
stage and a later stage of the disease are recognised. In the latter, the trypano¬ 
somes have entered the central nervous system; hence a successful trypanocide 
must be capable of penetrating the blood brain barrier. 

All the trypanocides in common use are synthetic compounds and they 
may be divided (1) into the arsenicals, suramin, the amidines, the phenan- 
thridinium compounds and quinapyramine. The arsenicals were intro¬ 
duced as antisyphilitics, but have been superseded for this purpose by the 
antibiotics. 

Arsenicals. Arsenic trioxide has been regarded as a tonic for a considerable 
time and Livingstone, the African explorer, used it to treat cattle suffering from 
sleeping sickness. What beneficial properties it possessed were due to its 
trypanocidal action, however, and not to its tonic effects. The first aromatic 
arsenical was prepared in 1860 by B£champ (2) and it was later (3) shown to be 
4-aminobenzenearsonic acid. Atoxyl (I), the sodium salt of this acid, was shown 
by Thomas in 1904 (4) to have trypanocidal properties. Ehrlich was prompted 
by this discovery to investigate approximately one thousand arsenicals for 
trypanocidal and antisyphilitic action. Two compounds were found to be 
particularly active and they have the arsenoxide (II) and arsphenamine (III) 
structures: 



As - - As 



HO OH 
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rplaced 


in 


Compound III is Ehrlich’s famous *606’ or Salvarsan. It was later : 
chemotherapy by the less toxic neoarsphenamine. 

Neoarsphenamine. Sodium 3 : 3'-diamino-4 : 4'-dihydroxyarsem«3t>«na5er»e- 
methylenesulphoxylate. C 18 H ls As,N,0 4 SNa. (V). 

Preparation. Arsphenamine (III) is dissolved in water and an aqueous solution 
of sodium formaldehyde sulphoxylate (IV) is added, together with sodium 
carbonate. Hydrochloric acid precipitates the free sulphinic acid and^ t ^ llS 
suspended in water and converted to neoarsphenamine (V) by the addition 
dilute caustic soda solution. When the aqueous solution is poured into 
neoarsphenamine is precipitated (5). 


rthi 


is 

of 
nol 


=As 

I 

Qn Hi + NaS0,CH a 0H 
OH 

III IV 


As . - - - As 



As 



OH 


Properties. Neoarsphenamine is a yellow powder soluble in water, yi el , nlIte g 
yellow neutral solution. When a 10 per cent solution is heated for 5 rrl1 - g 
with an equal volume of a 0 01 per cent solution of indigo carmine, the col 
destroyed. Uncombined formaldehyde sulphoxylate and inorganic salts 
present as impurities, and although the percentage of As present sho 
32-2, it is often much lower than this. _ _ 

MelarsoproL This is a compound of 2 : 3-dimercaptopropanol ' 
prol) with 2 : 4-diamino-6-p-arsenoanilino-J-triazine. C n H 15 AsN e OS a - \ 
Preparation. Atoxyl (I) is reacted with cyanuric chloride (VI) at pH 7* 
ice cooling and the mixture is acidified, converted to the sodium salt and re P r . 

cipitated with acid to give />-(2 : 4-dichloro-r-triazinyl)aminophenyl a 

acid (VII). Reaction with ammonium hydroxide under pressure c ° 
this to the diamino compound which is reduced with sulphur dioxide 
2 :4-diamino-6-p-arsenoanilino-J-triazine (VIII). This compound has 
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called Melarsen oxide. On reaction with dimercaprol (IX) it yields 
melarsoprol (7). 



1. NH, N 

— <Z^NH<Q>-As=0 + 

Z. bU, NH t W 

VIII 


HS—CH t 

HS—CH. CH t OH 
IX 



NH t 


S—CH t 


S—CH.CH,OH 


Properties. Melarsoprol is insoluble in water and cold methanol and ethanol, 
but it is soluble in propylene glycol. Of the melamine arsenicals introduced by 
Friedheim, melarsoprol appears to have promising properties (8). It is of interest 
that dimercaprol (B.A.L.) which forms part of the melarsoprol molecule has 
been used as an antidote for arsenical poisoning. 

Tryparsaxnide. Sodium />-arsono-N-phenylglycinamide. 

C t H 10 AsN t O 4 Na . |H.O. (XI). 

Preparation. Atoxyl (I), which may be prepared by reacting aniline with 
arsenic acid, H,As0 4 (9) is condensed with chloroacetamide in alkaline solution. 
Hydrochloric acid is added to precipitate p>arsonophenylglycinamide and this is 
converted to its sodium salt (10). 



? 

HO—As—ONa 



NH.CH t CONH t 


+ ClCH t CONH t 
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Properties. Trypaisamide is very soluble in water and almost insoluble * n 
organic solvents. It was introduced in 1919 and is still the most useful dtug for 
the late stage of sleeping sickness. The pentavalency of the arsenic atom S ives 
the molecule the capacity to pass the blood brain barrier. When in the central 
nervous system, the arsenic is converted to the active trivalent form. 

Suramin. Symmetrical urea of sodium 8-(3-benzamido-4—mct:l'*> r l* :>enz 
amido)naphthalene-1 : 3 : 5-trisulphonate. C #1 H S4 N,0, s S 4 Na,. (XII)- 
Preparation. 8-Aminonaphthalene-l : 3 : 5-trisulphonic acid is cond erise 
with 4-methyl-3-nitrobenzoyl chloride. The nitro group is then reduced 
amino group and this is linked with 3-nitrobenzoyl chloride. The nitro « 

again reduced and two molecules of the complex amine so obtained xx 

by reaction with phosgene (11). 


an 

is 


SO.Na 


S0 8 Na 



NaSO, 


NH—CO-NH 

XII 



SO.lSTa 


organic 


Properties. Suramin is very soluble in water and almost insoluble m 0 0 f 
solvents. It was introduced by German workers in 1921 under the na 
Bayer 205, but the formula was not disclosed. Fourneau and his c °.^ e ^gfge 
synthesised it in 1924. It is a remarkable compound, for in spite of lts 
molecular size trivial changes in structure, such as removal of the methyl g r 
destroy the activity. It is effective as a prophylactic. 


Amidines 

Synthalin, decamethylenediguanidine (XIII), was shown by Jane 3 ® 
1935 (12) to be trypanocidal, and it was suggested that its activity l a y 
ability to reduce the blood sugar concentration, thus depriving the P a 
of food. Lourie and Yorke (13) showed that the compound was directly toXlC 
trypanosomes and as a result of these observations many chemical comp 
similar in structure to synthalin were prepared and tested. Of these, V 
amidine (XVI) is a useful drug in trypanosomiasis. 


in 
in its 

oarasi tes 
• for 
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NH NH 

\ / 

C.NH.(CH,) 10 .NH.C 

/ \ 

NH, NH, 

XIII 

Pentamidine. 4: 4'-Pentamethylenedioxydibenzamidine. 1: 5-Di(4-ami- 
dinophenoxy)pentane. C 19 H, 4 N 4 0,. (XVI). 

Preparation. 4-Aminophenol is converted by the Sandmeyer reaction, i.e. 
diazonium salt and cuprous cyanide, to 4-hydroxybenzonitrile (XIV). This is 
treated with sodium ethoxide to convert it to the corresponding sociium com¬ 
pound and 1 : 5-dibromopentane is added. The mixture is stirred at refluxing 
temperature. The product (XV) is filtered and washed free of sodium bromide. 
On treatment of XV with ethanolic hydrogen chloride at 0° to 5°, the nitrile 
groups are converted to the iminoether groups R.C(NH)OEt.HCl. Reaction 
with excess of alcoholic ammonia gives pentamidine hydrochloride (14, 15). 
Addition of aqueous sodium hydroxide liberates pentamidine (XVI). 


O NaOEt 
OH + Br(CH,) 5 Br -► 

XIV 


CN 





0(CH,) 6 0 

XV 





CN 


NH 


NH 



0(CH,) ft O 


XVI 





—C 


\ 


NH, 


Other methods of preparation of pentamidine have been patented (16). 

The salt of pentamidine most commonly used is the isethionate, i.e. the bis- 
hydroxyethane sulphonate, B.2(CH,OH.CH 8 SO,H) and it is prepared by the 
reaction between pentamidine and hydroxyethanesulphonic acid (17). Other 
methods have been used (18, 19). 

Properties. Pentamidine isethionate is a white hygroscopic powder possessing 
a bitter taste. It is soluble in water and in glycerin, slightly soluble in ethanol 
and insoluble in ether, chloroform and liquid paraffin. It melts at 190° (dec.). 
The dihydrochloride dihydrate melts at 236° (dec.). 


Dimidium bromide. 2 : 7-Diamino-9-phenyl-10-methylphenanthridinium 
bromide. 3 : 8-Diamino-5-methyl-6-phenylphenanthridinium bromide. 

CjoH^BrNj.HjO. (XXII). 

Preparation. Dimidium bromide was first prepared by Walls (20). An im¬ 
proved method has been published by Barber (21, 22). The reaction scheme is 
as follows: 
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XVIII 



NO, 


XIX 



ISTO 


Fe 


Diamino 


NaOH 


H^O com P ound CjHnOH^ 


NH,< >- 



NHj 


NH,Br 


-> NH, 



NH, 


4:4'-Dinitro-2-aminodiphenyl (XVII) is reacted withbenzotrichloride 
in nitrobenzene at 200° in the presence of a catalytic quantity of stannic cni the 
Some solvent and catalyst are then distilled, dimethyl sulphate is added to , t 
phenanthridine compound (XIX) left as residue, and the mixture is hea 
180°. It is sucked over into water, the nitrobenzene is steam-distill e 
sodium chloride is added to the residual liquor to give 2: V-dinitro-^-p 11 . 
phenanthridine-10-methochloride (XX). This is reduced to the 4 : 4'-d* a 
compound by means of iron in boiling water; then, in a very interesting j 

normal quaternary hydroxide of XX is obtained by addition of caustic s ° < ^j 1 ich 
is converted by reaction with pentanol to the quaternary pentoxide, ^ 

rearranges to the pseudo base (XXI). This is a crystalline material that ^ 

isolated. It is suspended in an aqueous solution of ammonium brorni 
water and pentanol are distilled. The solution is cooled to give dinn ^ 
bromide (XXII), It forms purple-black crystals that melt at 241° to V 
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when anhydrous. It has been claimed that the ethobromide, called ethidium 
bromide , has properties that make it superior to dimidium bromide (23). 

Quinapyramine sulphate. 4-Amino-6-(2'-amino-6'-methyl-4'-pyrimidyl- 
amino)-2-methylquinoline-1 '-dimetho(methyl sulphate). C 17 H a ,N e . 2MeS0 4 . 
(XXIV). 

Preparation. Quinapyramine was investigated by Curd, Davey and their 
colleagues, i.e. the same team that discovered the antimalarial proguanil. It was 
known that some compounds based upon 4:6-diaminoquinaldine were try¬ 
panocidal and since pyrimidine compounds had been intensively studied during 
the work leading to proguanil, it was decided to prepare compounds of 4 : 6- 
diaminoquinaldine linked with pyrimidine. In the early stages of the investiga¬ 
tion the monoquatemary compound (XXIII) was prepared, and thought to be 
active. In fact, the activity was due to the presence of a trace of quinapyramine 
present, and when this was recognised, quinapyramine (XXIV), the diquatemary 
compound, was prepared and investigated. 



XXIII 



It is prepared by reacting together 4:6-diaminoquinaldine and 2-amino- 
4-chloro-6-methylpyrimidine in boiling dilute hydrochloric acid (24, 25). The 
reaction mixture is cooled and neutralised with ammonia to give 4-amino- 
6-(2'-amino-6'-methylpyrimidyl-4'-amino)quinaldine hydrochloride (XXV) 
which is salted out. It is converted to the tertiary base by treatment with caustic 
soda. 



Cl Me 

YY 

NVN 

NH a 


NH 


Me 
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. II 

NyN 

NH a 


XXV 
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The base is then converted to the diquatemary salt by reaction ■witlx dimethyl 
sulphate in nitrobenzene at 110°. The dimetho(methyl sulphate) so obtained 
may be converted into the methochloride or methobromide by reaction 'with 
sodium chloride or sodium bromide in aqueous solution. 

Properties. Quinapyramine sulphate was introduced in 1949 (26, 27)- I"* rxme-lts 

at 259° to 266° and is a white powder with a bitter taste. It is very soluble^ 111 
water, and almost insoluble in organic solvents. The chloride melts at 
(dec.), the bromide at 316° (dec.) and the iodide at 313° (dec.). Quiraa 
is used to combat bovine trypanosomiasis. The sulphate is rapidly absorb^ 
the chloride more slowly and sp a mixture of the two (called ‘pro-salt’) 
employed. 
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CHAPTER XII 


Antimalarials 


Malaria is a disease of great importance. It has been stated (1) that one-third 
of the world’s population suffers from it at some time during their lives. Before 
World War II, three antimalarials were in general use. They were quinine (I), 
pamaqum (VIII) and mepacrine (XXXV). 



During the war, Java and its cinchona tree plantations were captured by the 
Japanese, and so quinine became unobtainable. Mepacrine was chosen as a 
synthetic substitute and it was manufactured on a large scale for the use of the 
Allied Armed Forces. In addition, a programme of research designed for the 
discovery of new antimalarials was begun in the U.S.A. and in Great Britain. 
Pentaquine (XV) was discovered by American workers engaged in this project. 
Chloroquine (XXVI) has a rather different history. When Allied troops occupied 
Tunis in 1943, they found there supplies of a German antimalarial drug called 
Sontoquin' (II). 

NH. CH(Me)(CH 8 ) 8 NEt t 
Me 


II 



It was investigated and found to have the formula given above. Many similar 
compounds were prepared, and finally chloroquine was selected for use. Chloro¬ 
quine had been prepared by the German inventors (2) of Sontoquin, but had 
been rejected after pharmacological testing as being inferior to the latter drug. 

Proguanil (III) was discovered in 1944 by a team of British workers led by 
Curd and Rose. They decided to attempt the preparation of antimalarials con¬ 
taining the pyrimidine nucleus, because pyrimidine compounds are normally 
present in the body and because they had prior experience with such com¬ 
pounds. Active pyrimidine compounds were obtained and then for theoretical 
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reasons connected with the tautomeric possibilities of the molecule 
were investigated (3) and finally proguanil was chosen for trial. 

In 1953 (4) proguanil, which was known to be inactive in vitro, was shown t>e 
metabolised in the body to the active compound 4 : 6-diamino- 1 —— chloro- 
phenyl)-l : 2-dihydro-2 : 3-dimethyl-l : 3 : 5-triazine (IV). Its preparation has 
been patented (5) and it may lead to an entirely new group of antimalarial rtjgs - 

Pyrimethamine (V), which is a pyrimidine antimalarial, was the result of 'wo r 
begun by Hitchings et al. in 1948 (6). The resemblance between the structures 
of the tautomeric form of proguanil (III), its metabolite (IV) and pyrime tham i nt- 
(V) is shown below: 


NH 2 N NH* 

\S \ / 

C C 




nh 2 n 

=v Y Y 


ci v N 
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HC 

/\ 

Me Me 

III 



Me Me 


IV 




Cl N 


Et 


Pamaquin. 8-(4-Diethylamino-l-methylbutylamino)-6-methoxy4 vl 
Cj^H^NjO. (VIII). fhoXy - 

Preparation. Pure pamaquin may be made (7) by condensing 6-ruer . r - 
8-aminoquinoline (VI) with l-diethylamino-4-bromopentane (VI1)- _ a ticn 

natively, the substituted quinoline can be reacted (8, 9) by reductive arm 11 
with l-diethylamino-4-pentanone (IX), 13). 

Many other syntheses of pamaquin have been reported upon (10, 11» coS \- 

In the original German method (14) l-diethylamino-4-chloropentane j je 

densed with 6-methoxy-8-aminoquinoline. The chloroamine was made t»y 



Br 

+ Me(:H(CH 2 ) 2 NEt 2 
VII 

Me .CO.(CH*) 8 NEt 2 
IX 



NH 

Mc.(!h(CH*)s' NEtj 

vin 
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action of concentrated hydrochloric acid upon the corresponding alcohol. This 
method leads to l-diethylamino-4-chloropentane contaminated with 1-diethyl- 
amino-3-chloropentane (X). The latter substance gives rise to a further isomer 
(XII) for in solution it forms the intermediate cyclic quaternary compound 
(XI) which, according to whether it breaks at bond (a) or bond (b), gives rise to 
1 -diethylamino-3-chloropentane (X) or l-chloro-3-diethylaminopentane (XII). 
Thus commercial pamaquin prepared by the above method will contain (15) 
normal pamaquin and the two isomeric compounds from (X) and (XII). 

MeCH,CH CH t .CH 4 .NEt s 


Cl 


/V 

CH a NEt,.Cl 

\h^ 


XI 


MeCH a CH. CH S . CH a .NEt* 

I 

Cl 

Cl.CH,.CH a .CH.CH*.Me 

I 

NEt, 

XII 


Properties . Pamaquin base is an oil of b.p. 175° to 180° at 0-3 mm. The 
citrate has a m.p. of 125° to 127°. Pamaquin is used in the form of its salt with 
2 : 2'-dihydroxy-l : 1 -dinaphthylmethane-3 : 3'-dicarboxylic acid (XIII). 

o o 

0- CH *- < vJ > 

HOOC HO HO COOH 
XIII 

This salt of pamaquin is an orange-yellow powder possessing a bitter taste. 
It is insoluble in water, but is soluble at 20° in 20 parts of ethanol and in 10 parts 
of 95 per cent acetone. 

Pamaquin has been used in combination with quinine to prevent relapses in 
benign tertian malaria. 

Pentaquine. 8-(5-rioPropylaminopentylamino)-6-methoxyquinoline. 

C 1? H„N 3 0. (XV). 

Preparation. Pentaquine was first prepared by Drake and his colleagues (16) 
by the following procedure: 





+ Cl.(CH 2 ) 6 NH.CH.Me f 
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MeO/V 

i N 


NH.(CH,) 6 .NH.CHMe 2 

XV 


Two molecular proportions of 8-amino-6-methoxyquinoline (V'l) an< ^ onC , ° r 
l-chloro-5-wopropyIaminopentane (XIV) hydrochloride were reacted to S e t j-je 
in hot aqueous solution for 24 hours. Unreacted VI was removed, arid ^^Vj 

base 
■was 


reaction mixture pentaquine monohydrochloride was isolated. It "Was 
to pentaquine base by addition of sodium hydroxide, and to a solut ion of tne 
in ethanol was added phosphoric acid and pentaquine monophosphate 
obtained. 

In a variation of this process (17), 8-amino-6-methoxyquinolir*e i*aay 
reacted with l-chloro-5-acetoxypentane to give XVI which, on hydroly slS 
reaction with thionyl chloride, yields XVII. This compound may 
densed with wopropylamine to yield pentaquine monohydrochloride, an _ 

series of steps described above converts the mono hydrochloride to the m 
phosphate. 


t>e 
and 
be con- 
d the 


MeOr 



MeO 


NH.(CH,) 5 OAc 

XVI 


00 

NH.(CHj) 6 C1 

XVII 


The preparation of 8-amino-6-methoxyquinoline (VI) has been described ^phe 
Properties. Pentaquine base is an oil of b.p. 165° to 170° at 0*05 mm- 


(dec.) 

aipicrate mens at ioqo~ to loso'; tne amyarocmoriae at zis' to tHe 

and the monohydrochloride at 152° to 153°. The monophosphate whi°h fitter 
pentaquine salt used in therapy is a yellow crystalline material with^ a imo st 
taste. It has a m.p. of 190-5°. 1 g dissolves in 25 ml of water, but it: a 

insoluble in ethanol, chloroform or ether. erxt: in 

Pentaquine is used as a less toxic substitute for pamaquin in the treat m 
combination with quinine, of benign tertian malaria. . 0 iir»e. 

Chloroquine. 7-Chloro-4-(4-diethylamino-l-methylbutylamino) c l vliri 

^-is^mCINj. (XXVI). arid vv ' aS 

Preparation. Chloroquine was first made by German workers (2) a the 

later prepared by a team of chemists in the U.S.A. (19). A modifica t ‘°^ ure 0 f 
method used by the latter group was used for the large-scale mantita , ense d 
chloroquine during World War II (20). 3-Chloroaniline (XVIII) i s after 

with ethyl ethoxalylacetate (XIX) in glacial acetic acid at 45° ’ c lised 

removal of unchanged starting materials, the Schiff’s base (XX) lS 
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in a high-boiling solvent such as diphenyl ether at 250°, with elimination of 
ethanol. 


O 


EtO O 


EtO— 


Cl 



+ 


NH, 


XVIII 




There are two free ortho hydrogen atoms in compound XX and cyclisation 
leads to a mixture of the two isomers XXI and XXII. The mixture of isomers 
is crystallised from pyridine containing ethanol and the required ethyl-7-chloro- 
4-hydroxyquinoline-2-carboxylate (XXI) is obtained. Hydrolysis of the 2- 
carboxylate group and addition of hydrochloric acid gives the 2-carboxylic acid, 
and heating in diphenyl ether at 240° causes the compound to decarboxylate. 
7-Chloro-4-hydroxyquinoline (XXIII) is so obtained, and on reaction with 
phosphorus oxychloride, it yields 4 : 7-dichloroquinoline (XXIV). This com¬ 
pound is dissolved in phenol, and condensed with 4-diethylamino-1 -methyl- 
butylamine (XX) at 135° (21) to give chloroquine base (XXVI). The base was 
dissolved in methanol containing phosphoric acid to yield chloroquine di¬ 
phosphate. 


OH 
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Me 

H,N(^ 


H(CH,) 8 NEt 2 


XXIII 


XXIV 


XXV 
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NH. CH. (CH 8 ) 3 NEt, 


> ciL ll J 

vat 

XXVI 

The preparation of 4-diethyIamino-l-methylbutylamine is descrit> e< ^ __ lJ 
mepacrine below, for chloroquine and mepacrine have the same side _c ^ ia * n ^ TI1 

By the use of diethyl ethoxymethylenemalonate (XXVII) (prepared ^ 
ethyl orthoformate and diethyl malonate) in place of ethyl eth°xaly^ aC ^_ ion 
(XIX) in the above preparation of 7-chloro-4-hydroxyquinoline the prop 0 
of unwanted isomer in the mixture is greatly decreased (22, 23, 24). 


(EtO) 3 CH + CH,(COOEt), 


ZnCl 2 


EtOCH=C(COOEt), 

XXVII 


CIL <JNH 4 


COOEt 

\ y° nh O 

/\/ ci 

N 

H 

XXVIII 


3-Chloroaniline is condensed with diethyl ethoxymethylenemalonate ) 

and the resulting compound (XXVIII) is cyclised, decarboxylated and c “ 
nated as before to give 4: 7-dichloroquinoline (XXIV). Other methods for e 
preparation of chloroquine and its intermediates have been published ( - » 

26 ' 27) * . The 

Properties. Chloroquine base is an oil of b.p. 212° to 214° at 0-2 mm. -*■ 1 

diphosphate B(H 3 P0 4 ) 3 is a white crystalline material with a bitter taste- IS 
soluble in water and almost insoluble in ethanol, chloroform and ether. It exists 
in two forms which melt at 193° to 195° and 215° to 218°. 

Chloroquine cures tertian malaria but relapses occur after its use in benign 
tertian malaria. 

Mepacrine. Quinacrine. 2-Chloro-7-methoxy-5-(4-diethylamino- 1 -methyl- 
butylamino)acridine. 2-Methoxy-6-chloro-9-(4-diethylamino-1 -methylbutyl- 
amino)-acridine. C I3 H 30 ClN 3 O. (XXXV). 

Preparation, 4-Diethylamino-l-methylbutylamine (XXV) has been made by 
the following method (28, 29, 30, 31). Ethylene oxide is reacted with diethyl- 
amine to yield diethylaminoethanol which is treated with thionyl chloride to 
give diethylaminoethyl chloride (XXIX). This is converted by means of a 
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Claisen condensation with sodioacetoacetic ester to XXX which is simul¬ 
taneously hydrolysed and decarboxylated by hot aqueous mineral acid to 
5-diethylamino-2-pentanone (XXXI). It is then catalytically reduced by 
hydrogen over Raney nickel in methanol in the presence of ammonia and 
4-diethylamino-l-methylbutylamine (XXV) is obtained (32). 

Cl(CH t ) g NEt t -► CH g COCH.(CH,) g NEt t 

d:OOEt 

XXIX XXX 


> CH 3 CO(CH 2 ) a NEt g 
XXXI 


* NH,CH(CH s ) a NEt g 
Me 

XXV 


Alternative routes for the preparation of the mepacrine side-chain have been 
explored (33, 34, 35, 36, 37). 

The acridine moiety of the mepacrine molecule has been prepared by the 
following method (29, 30). 2 : 4-Dichlorobenzoic acid, obtained (38) from 
2:4-dichlorotoluene, is converted to its sodium salt (XXXII) and then con¬ 
densed with 4-anisidine (XXXIII) in water at 110°. Copper powder is used as 
a catalyst. This is an example of the Ullmann reaction. Ring-closure is then 
effected by the use of phosphorus oxychloride in chlorobenzene. 2 : 5-Dichlor- 
7-methoxyacridine (XXXIV) is thus obtained and is condensed with the side- 
chain 4-diethylamino-l-methylbutylamine (XXV) in phenol as a solvent (39). 
The phenolic reaction mixture is drowned in a vessel containing xylene and 
caustic soda solution. Acetic acid is added to the mepacrine solution in xylene 
and the mepacrine acetate obtained by this step is converted to the base (XXXV) 
and then to the dihydrochloride. 


NaOOC 


MeO 
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NH t CH(Me).(CH a ) 3 NEt t Me0 


NH.CH.(CH,),N'Ht ; 

/sAy\ 


XXV 


V\A 

N 


XXXV 

Properties. Mepacrine monohydrate base melts at 82-4° to 83 -S** 
dihydrochloride at 253° to 256° (corr.). The latter salt is soluble in ' vat ^ n iusO' 
extent of 4-2 g in 100 ml of water at 25°. The dimethanesulphonate o*” _ * 0 jyes 

nate as it has been called, melts at 136° to 138° and 100 ml of water 
59*3 g of this compound. Many other salts have been prepared (40)- , 

Proguanil. Chlorguanide. l-(4-Chlorophenyl)-5-iiopropyldigcxa.ra» 

C„H,.ClN»- 

Preparation. The original synthesis (41) of proguanil is as follows: 


' )>N==NC1 + H 2 NCNHCN 


Cl<£ >n-nnhc 

V7 II 


nh cN 


XXXVI 


XXXVII 


Cl<, >NHCNHCN 


XXXIX 


rtfinr 

XXXVIII 

ClA^NHCNHCNHCrl^* 

II II 

NH NH 


A suspension of 4-chloroaniline hydrochloride in hydrochloric acid 
tised by the addition of sodium nitrite and the diazonium salt (XXX Vi) * 3 
coupled with dicyandiamide (XXXVII) in aqueous solution to give 4- c * li 
benzeneazodicyanodiamide (XXXVIII). This compound, which is explosive vv 
dry, is then added as a wet paste to a mixture of concentrated hydrochloric 
and ethoxyethanol. Nitrogen is evolved and 4-chlorophenyldicyandia. rr ^^ 
(XXXIX) separates. It is reacted with wopropylamine in aqueous ethanol 
presence of copper sulphate. The diguanide is obtained as the copper corrip ^ 
which may be decomposed by hydrogen sulphide in acid solution. Additi ori 
caustic soda liberates proguanil (XL). ^ 

Many other methods for the preparation of proguanil have been pubh 9 * 1 

(42 ’ 43) - « r0 - 
Properties. Proguanil base melts at 129°, the acetate at 184° and the hy -43 ^ 

chloride, which is used in therapy, at 248° to 250°. The latter compound 

bitter taste. It is soluble in water (1 g in 110 ml) and in ethanol (1 g in 40 

but it is insoluble in chloroform and ether. Proguanil is used for the treat* 1 * 

of malignant and benign tertian malaria. 
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Pyrimethamine. 2:4- Diamino - 5 - (4 - chlorophenyl) - 6 - ethylpyrimidine. 
C w H 13 C1N 4 . (XLIV). 

Preparation. Pyrimethamine may be obtained by the following reaction 
sequence (44,45). 4-Chlorobenzyl chloride is reacted with potassium cyanide to 
yield the corresponding 4-chlorobenzyl cyanide (XLI). This compound is 
condensed with ethyl propionate in ethanol in the presence of sodium ethoxide 
to give propionyl-4-chlorophenylacetonitrile (XLII). This compound has to be 
reacted in its enol form with diazomethane to give the methyl enol ether (XLIII) 
which is then combined with guanidine in ethanolic sodium ethoxide and 
pyrimethamine (XLIV) is obtained. 

CN 

C1<(^>4h 4- EtCOOEt 
H 

XLI 


CN 

* Cl 


/ \ 

O Et 

XLII 



NH S 
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NH a —C 
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NH 




Cl 
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Et 

XLIV 


Alternative methods for the preparation of pyrimethamine have been pub¬ 
lished (46, 47). 

Properties. Pyrimethamine is a white crystalline tasteless powder of m.p. 
239° to 242°. It is sparingly soluble in water, but soluble in warm dilute sul¬ 
phuric acid. It is sparingly soluble in most organic solvents. 

Amodiaquine hydrochloride. 7-Chloro-4-(3'-diethylaminomethyl-4'- 
hydroxyanilino)quinoline dihydrochloride dihydrate. 

C 20 H„C1N 8 O.2HC1.2H s O. (XLVII). 

Preparation. In the original method (48) 4 : 7-dichloroquinoline (XLV) was 
condensed with 4-amino-2-diethylaminomethylphenol (XLVI), but in a later 
method (49) the alkylamino group was added as a last step. The procedure has 
been patented (50). 


Cl 
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Properties. Amodiaquine hydrochloride is used as a suppressive a f en <j’^” 
areas of endemic malaria. It is a yellow crystalline solid melting at: 1 && - 
dihydrochloride hemihydrate melts at 243° and the dihydrodilo*"icl e in .° . 
hydrate at 183°. Amodiaquine hydrochloride is soluble in water, s P^ n K 
soluble in ethanol and very slightly soluble in benzene, chloroform and - 

Primaquine phosphate. 8-(4-Amino -1 -methylbutylamino) - ^ " ,lie 
quinoline diphosphate. C I5 H ai N 3 0.2H 3 P0 4 . (XLVIII). 

Preparation. 6-Methoxy-8-aminoquinoline is coupled with 
amine yielding primaquine (51, 52). 


isrHj 


Me °0^ +cich(mc > (ch ‘>» nh - Meo O^ 

H ^ N V lHCH(Me)(CH.) 

Properties. Primaquine boils at 175° to 177° at 0-2 mm. The 
chloride melts at 106-7°. /benig n 

Primaquine is used clinically for the treatment of relapsing viva^ v 
tertian) malaria. 


ro- 
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CHAPTER XIII 


Anthelmintics 


Parasitic worms inflict suffering upon man and animals in all part® lx tajo r 
world. In some areas, diseases caused by these parasites constitute a vvitrH 
health problem. Tapeworm infestation, for example, has been at e 

extract of male fern, with pelletierine (a mixture of alkaloids from poit» e e 
bark), or with cusso, which consists of the dried panicles of Brayera antf*^?****^ s a.r* - 
Chenopodium oil, extracted from the plant Chenopodium ambrosioides , a ° 
tonin, from various species of Artemisia have been used against hook^ 01 ^ nera J 
Of the synthetic anthelmintics, carbon tetrachloride has been i 1 " 1 
use since 1921 for the treatment of hookworm disease. Tetrachloroethy* 
a similar use. Gentian violet, used against threadworms, and hexylr^ s r-ifc>e<d 
which has a wide application against many worms, have both been u re ad- 

in Part I, Chapter IX. Diphenan, used since 1920 for the treatment of * sun*e 
worms, is now declining in use, since piperazine has been found to servo rffae 

purpose (1). Schistosomiasis (bilharzia) is caused by a parasitic -jXion 

disease is very common and it has been estimated that there are 
infected persons in Egypt alone. Lucanthone and the antimony comp 
have been used against this disease. 

Tetrachloroethylene. Cl a C=CCl 2 . _ the 

Preparation. Acetylene and chlorine are reacted together at 300° in . r 
presence of an inert gas (2). The product, after fractional distillation, ^ 
purified before use (3). *<rht 

Properties. Tetrachloroethylene is a colourless, mobile liquid with a ' vel ^ t ) 
per ml of 1-622 to 1-630 g at 20° and a b.p. of 121°. Thymol (0-01 £ n 

may be present to inhibit decomposition. Tetrachloroethylene is sol^* 31 - 

organic solvents and insoluble in water. It is used for the expulsion of 
worms and in the treatment of ankylostomiasis. 

Diphenan. 4-Benzylphenyl carbamate. C 14 H 13 N0 2 . (II). 

Preparation. 4-Benzylphenol is converted to the chloroformate (I) by re aC 
with phosgene (4) in the presence of dimethylaniline in benzene. The cfrl° 
formate with ammonia gives diphenan (II). 


coc, a nh 3 

C,H 6 CH a C # H 5 OH->■ C # H 6 CH a C 8 H 8 OCOCl-► C a H 5 CH a C # H 6 0CO^ 1 


II 


Properties. Diphenan is a white tasteless crystalline powder with a 
147° to 150°. It is soluble in the usual organic solvents except light petrol e 
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and ethanol in which it is sparingly soluble. It is almost insoluble in water. 
Diphenan has been used for the expulsion of threadworms. 

Diethylcarbamazine. l-Diethylcarbamyl-4-methylpiperazine. NN-Di- 
ethyl-4-methyl-1 -piperazinecarboxamide. C 10 H tl N,O. (IV). 

Preparation. Diethylcarbamyl chloride is condensed with piperazine and the 
diethylcarbamyl piperazine (III) obtained is converted to the N-methyl com¬ 
pound, i.e. diethylcarbamazine (IV) by reductive methylation with formic acid 
and formaldehyde (5, 6). » 



Cl.CONEt, 
->. 



N.CO.NEt 


a 


III 


HCOOH 
HCHO * 


MeN^ . CO. NEt. 

v y • 


IV 


In alternative syntheses, 4-methylpiperazine may be reacted with diethyl¬ 
carbamyl chloride (7) or 4-methylpiperazine may be converted to the correspond¬ 
ing carbonyl chloride and this then reacted with diethylamine (8). Other methods 
of preparation have been published (9). The dihydrogen citrate which is the salt 
used for chemotherapy is prepared by reaction of the parent amine with citric 
acid in acetone (7). 

Properties. Diethylcarbamazine has a m.p. of 48° and a b.p. of 108*5° to 111° 
at 3 mm. The hydrochloride melts at 157°. The dihydrogen citrate, C^N.O,, 
is a white crystalline powder that is soluble in water. It is sparingly 
soluble in cold ethanol and insoluble in acetone, ether and chloroform. 
It melts at 136° to 138°. Diethylcarbamazine citrate is used in the treatment 
of filarial infections and of the elephantiasis to which filariasis often gives 
rise. 

Antimony potassium tartrate. Tartar emetic. C 4 H 4 KO,Sb ,$H s O. 

Preparation. Potassium hydrogen tartrate and antimony oxide, Sb t O s , are 
reacted together in hot water at pH 2*0. The solution is filtered free from 
insoluble matter and then concentrated to yield tartar emetic (10,11). 

Properties. Antimony potassium tartrate forms colourless crystals possessing 
a sweet taste. It is soluble at 15*5° in 17 parts of water and 20 parts of glycerin. 
It is soluble in 3 parts of boiling water, but insoluble in ethanol. Tartar emetic 
is used for the treatment of schistosomiasis. 

Stibophen. Sodium antimony bispyrocatechol-3: 5-sodium disulphonate. 
Ci,H 4 Na 6 0 w S 4 Sb.7H 1 0. (V). 

Preparation. Sodium pyrocatechol-3 : 5-disulphonate in aqueous solution is 
reacted with antimony trichloride in ethanol. .The mixture is cooled and 
neutralised to pH 5*5 by means of aqueous sodium hydroxide. Ethanol is added 
to precipitate the product (12). 
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SbCI, 



OjSNa 


NaSO 


O a SNa 


Properties. Stibophen dissolves in water to form a solution that - oi j£ U rn 
yellow on standing. When acidified and treated with a few drops °t 
sulphide a stibophen solution gives an orange precipitate of antimonio*-*® & 

Lucanthone. l-(2-Diethylaminoethylamino)-4-methylthiaxanthone- I) 

_chl OI ° 


Preparation. In the original method (13, 14), thiosalicylic acid and 
toluene were reacted to give a mixture of l-chloro-4-methyl- (Vl> 
chloro-1 -methylthiaxanthone (VII). 


an 


<1 *- 



COOH 


SH 


+ 




VI 


VII 


only 


When this mixture of isomers was heated with 2-diethylaminoethy lamina 

the l-chloro-4-methylthiaxanthone reacted and lucanthone (VIII) was obtain 




HN(CH,),NEt* 

\ 


+ Hj^CHjJjNEt, 


VI VIII 

This method is wasteful and an improved process has been described (1^* 
by which it is claimed that pure l-chloro-4-methylthiaxanthone is ob tai 
4-Chlorotoluene is reacted with chlorosulphonic acid and yields 5 -chi 
2-methylbenzenesulphonyl chloride (IX). This, on reduction with zinc _ 

sulphuric acid, gives the thiol (X) which is condensed with potassium 2-ch* j 

benzoate. 2'-Carboxy-5-chloro-2-methyldiphenylsulphide (XI) is obtained 3 
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on cyclisation with concentrated sulphuric acid, yields the required 1-chloro- 
4-methyl-thiaxanthone (VI). Other methods of synthesising lucanthone have 
been published (17). 




> 



VI 


Cl HOOC 

A \A 



XI 


Properties. Lucanthone melts at 64° to 65° and its methiodide at 237° (dec.). 
The hydrochloride, which is used orally in the treatment of schistosomiasis, melts 
at 195° to 198°. It forms yellow needles that are soluble in water (1 part in 110 
of water at 20° and readily soluble at 60°). It is soluble in warm and sparingly 
soluble in cold ethanol. 

Piperazine adipate. C 10 H 80 N a O 4 . 

Preparation. Piperazine and adipic acid are reacted together in ethanol (18). 
The salt crystallises out and is filtered and dried. 

Properties. Piperazine adipate is a colourless crystalline solid melting at 256° 
to 257°; it is soluble in water (5 in 100) and practically insoluble in the lower 
aliphatic alcohols (19). It is used in the treatment of filariasis. 
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CHAPTER XIV 


Synthetic Oestrogens 


Introduction. When the work upon the isolation of the oestrogenic hormones 
was complete, it was found that a group of five steroid compounds possessed 
oestrogenic activity. It appeared* therefore, that this activity was not dependent 
upon a specific structure and Cook and Dodds and their collaborators began a 
study of chemically simpler compounds. All naturally occurring oestrogens 
contain the partially hydrogenated phenanthrene ring system and in 1933 
certain derivatives of phenanthrene were found to possess slight activity (1). In 
1936 it was found that compounds such as stilbene (I) and dihydroxystilbene 
(II), which contain only two rings, were active (2). Stilbene was of particular 
interest for it was the first synthetic oestrogen to be prepared that contained 
carbon and hydrogen only. 

=CH— H ° < \Z/ > ~ CH=CH— <^^>OH 

I _ II “ 



In an attempt to reduce the active molecule to still simpler proportions, anol 
(III) (4-propenylphenol) was prepared (3). It was at first thought to be active, 
but it was later shown (4) that the activity resided in the hexoestrol (IV) present 
as a by-product in the anol obtained. 


H0< v3 >—CH=CHMe 


III 


H H 



Et Et 
IV 


At about the same time, Dodds and his co-workers prepared (5) stilboestrol 
(V) and dienoestrol (VI), both of which are highly active oestrogenic compounds. 



Many compounds related to stilboestrol have been prepared and some such as 
promethoestrol and benzestrol have been used in general practice. 

Stilbene is diphenylethylene. The related compound, triphenylethylene 
(VII), possesses oestrogenic activity and some interest has been shown in 
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its derivatives. The earliest work in this series was carried out by 
and by Dodds (7). One compound that possesses considerable activity 
trianisene (VIII). 

"Ow-x 

Me0 O 7 Cl 

VIII 


Robson ( 6 ) 
is chloro- 



A further class of oestrogens is known as the doisynolic acids (^)- 


Doisy (9) found that by oxidation of oestradiol a degradation product e R )rc 

obtained which possessed considerable oestrogenic activity. Miescli^ 1 ' 
prepared a number of chemical compounds corresponding to oestrouc c tivity : 
5-membered ring opened. The following substances possess useful a 
doisynolic acid (IX), bis-dehydrodoisynolic acid (X) and its methyl ethct* 


HO 



HO—I 



The chemistry of these compounds has been reviewed by Fieser (lO) af l 
known chemistry of the synthetic oestrogens up to 1957 has been well t* eV,e 
by Grundy (11). 

Hexoestrol. Hexestrol. meso~3 : 4-Bis-(4-hydroxyphenyl)-hexane. /'f'V') 

at 

Preparation. The most useful method for the preparation of hexoestrol * to 
of Docken and Spielman (12). Anethole is reacted with hydrobromic aC1 _ . _ 

yield (XI), and two molecules of this compound are coupled in a Wurtz r f :a . ofl 
with a metal such as magnesium to give 3 : 4-dianisylhexane (XII) wh* cn ' 
demethylation, yields hexoestrol (IV). 

HBr ^ Mg 


MeO 





CH=CHMe 


MeO< 





XI 


-CHBr 

I 

Et 




Me0< \ / 0Me 
Et Et 
XII 




H0 «, ^-ch-ch-^ ^ 

Et Et 
IV 


OH 


The method was reported independently by Peak and Short (13) and 
stein and Wallis (14). Many variations and improvements upon the rnc* 
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have been published (15 to 19). Hexoestrol can also be prepared by a method 
introduced by Kharasch and Kleinian (20). Anethole hydrobromide Grignard 
compound (XIII) is reduced by cobaltous chloride to a free radical which 
dimerizes in good yield to hexoestrol dimethyl ether (XII). 

Me 0 < \Z/ >_ CHMgBr 

Et 

XIII 


> MeO<^^>—CH —XII 

Et 


Many other methods for the synthesis of hexoestrol have been patented and 
published (21 to 26). 

Properties. Hexoestrol is a meso compound. The racemate, named iso- 
hexoestrol, has been resolved (27). Hexoestrol, which is an odourless white 
crystalline powder, melts at 187° to 189°, whereas uohexoestrol melts at 129°. 
Hexoestrol has the following solubilities (in g/100 ml of saturated solution at 15°): 
ether 29-1, acetone 10-2, 99 per cent ethanol 18*3, methanol 24*6, benzene 0*17, 
chloroform 0*19, water 0*007. It is soluble in dilute caustic alkalis. 

Stilboestrol. Diethylstilboestrol. tram -3 : 4-Di(4-hydroxyphenyl)hex-3- 

ene. C ia H ao O t . (V). 

Preparation. Numerous syntheses of stilboestrol have been published and 
those in the period up to 1957 have been reviewed by Grundy (11). Since that 
time, other methods have been described (28, 29,30). Two routes seem worthy of 
special notice. In one, anethole hydrobromide, the compound used for the 
preparation of hexoestrol, is reacted with excess of sodamide in liquid ammonia 
to yield 4 : 4'-dimethoxy-3 : 4-diphenylhex-3-ene (XIV) which, on demethyla- 
tion (31, 32), yields stilboestrol (V). 

Et 


MeO^>-CHBr 

Et 


NaNH t 
NH 3 > 


Me0< v3 >—c==c— < \Z/ >0Me 


Et 

XIV 


4-Hydroxypropiophenone (XV) is the starting-point for the second route 
(33, 34). It is reduced to the pinacol (XVI) which, on reaction with gaseous 
hydrogen chloride, gives the pinacolone (XVII), a compound also used in a 
synthesis due to Sisido (35). This pinacolone is reduced with sodium and 
ethanol to the pinacoline alcohol (XVIII) which, on dehydration, yields stil¬ 
boestrol (V). 


HO<^^>COEt 


Na/Hg 


H0 O^ 

i 


(Et)OH 


H0< C3 >// 


(Et)OH 


XV 


XVI 
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HO<f^ 


/~X/ 


C(Et)COEt 




EtOH 




XVII 


C(Et)CHOH. Et 


h 2 o 


XVIII 


Properties. Stilboestrol is the trans isomer (36). It is a colourless crys - us 
material with a m.p. of 170° to 171°. The solubility of stilboestrol *** ^ tone 
solvents is as follows (g/100 ml of saturated solution at 15°): ether 32-0# & c 
18-4, ethanol 18-5, methanol 7-5, water 0-03. It is soluble in aqvieorms a 
hydroxides. The dipropionate melts at 106° to 107° (37). ciip> x 'C»- 

The cis isomer which has a m.p. of 110° is very unstable (38, 39)- *- 

pionate melts at 79°. Hjene. 

Dienoestrol. Dienestrol. 3 : 4-Bis-(4-hydroxyphenyl)hexa - - " 

(VI). _ ollea^^es 

Preparation. Dienoestrol was first prepared by Dodds and his vised 

(5, 40) by a method involving the dehydration of the meso pinacol ^ an d 

in the preparation of stilboestrol. This reaction has been studied by e is 

Short (41, 42) and by Lane and Spialter (43). 4-Hydroxypropiopbe^ -tbe 
reduced by sodium amalgam to the pinacol (XVI). This is benzoyl ateCl c j i j or i <: ie 
crude dibenzoate (XIX) is dehydrated by means of a mixture of acetyl c , . f0 _ 

and acetic anhydride. The resulting dienoestrol dibenzoate (XX) is then J 
lysed by alcoholic potassium hydroxide to dienoestrol (VI). 

R 0^-C(Et)0H-C(Et)0H-^>0 R 
XIX ( r =C 8 H 5 CO) “ 

MeHC 


r o<^>-Lc-<Q>o r 


CHMe 


XX ( r =C # H 5 CO) 


Other methods of synthesis have been patented (44). c i s -tr&f lS 

Properties. Dienoestrol is the tram-tram compound. Cis-cis ari 234 °, with 
isomers also exist. It is a colourless crystalline solid of m.p. 232° to et j T er S’ 1 * 
the following solubilities in g /100 ml of saturated solution at 1 5 - e e than°^ 
benzene 0-07, chloroform 0T4, acetone 1T6, methanol 13-6, 99 pet ceri 
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11 *3, water 0 004. It is soluble in dilute aqueous caustic soda and unstable under 
mildly acid conditions. The diacetate melts at 119° to 120° and the dipropionate 
at 123° to 124°. 

PromethoestroL Dimethylhexoestrol. 3:4-Bis-(4-hydroxy-3-methyl-phenyl)- 
hexane. C t0 H M O s . (XXI). 

Preparation. Promethoestrol is made according to the same general method 
already described above for dienoestrol. In addition, the double bonds are 
hydrogenated as a final step (45). Another method has been described (46). 



Properties. The dipropionate of m.p. 117° to 119° has been used clinically. 
It is freely soluble in benzene, ether, ethyl acetate and is slightly soluble in 
ethanol. It is almost insoluble in water. 

Benzestrol. 2 : 4-Bis-(4-hydroxyphenyl)-3-ethylhexane. C S0 H M O t . 

Preparation. This compound, which is a diphenylpropane derivative, was first 
described by Tallman in 1943 (47), and the synthesis was published in 1945 
(48). The synthesis has also been patented (49). Anisaldehyde is condensed 
with 4-methoxybutyrophenone (XXII) and the compound (XXIII) is obtained. 
By a series of Grignard reactions the second ethyl group and a methylene group 
are introduced. Hydrogenation yields (XXIV) and demethylation of the ether 
leads to crude benzestrol (XXV). 


MeO^~\cHO + H,C.C—A^OMe 

EtO 

XXII 

CH=C. C-^OMe 

I I 

EtO 
XXIII 



MeO<^^>—CH— CH—C—<^J^>OMe 


-> MeO<^~V 


Et Et CH, 

CH—CH—CH— OMe 


k 


I I 

Et Me 
XXIV 
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Other 


and 


-> H0<^y-CH-CH-CH-<^^>OH 

Et Et Me 
XXV 

The reaction product is a mixture of four racemates, one of which is benzes- 
trol. The required isomer is obtained by separation of the two racemic ketones 
formed as intermediates and further separation of the final product, 
methods for its preparation have been published (50). 

Properties, Benzestrol melts at 162°. It is soluble in ether, acetone 
ethanol and not very soluble in chloroform and benzene. It is insoluble it* 

Chlorotrianisene. 1 : 1 :2-Tri-(4-anisyl)-2-chloroethylene. C 23 H 21 a- 

(VIH) - . ^ ^ri V c was 

Preparation . Chlorotrianisene which is a triphenylethylene denva«-^ also 

first described in 1945 (51). A synthesis was published in 1953 (52)- a 

been protected by patent (53). 4 : 4'-Dimethoxybenzophenone is ren-C 

mixture of ether and benzene with 4 -methoxybenzyl-magnesi** rrl ^ ^ tHe 

(XXVI). A carbinol is obtained and is dehydrated by phosphoric aC1 carbon 

triphenylethylene derivative (XXVII). Chlorination by chloriric *r* . 0 £ 

tetrachloride leads to chlorotrianisene (VIII) which has a melting-P 

113° to 114°. 


MeO<^^>^ 



MeO<f^ 


C=0 + ClMgCH 2 <^^>0 Mg 


XXVI 



MeO/ ^ 


\ 





C-CH,-<fA0Me 


H,0 


MeO<^J^ 
MeO<^^>- 



C=CH—SoMe 


XXVII 


Cl 



MeO<rS 


\ 


-O' Cl 




VIII 

An alternative method of synthesis has been published (54). 
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CHAPTER XV 


Diuretics 


D iuretics promote urinary secretion and so lead to a loss of body fluid. They 
are usually employed to stimulate the elimination of oedema fluid. The diuretics 
in common use are urea, simple salts such as sodium or ammonium chloride, 
the xanthines (caffeine, theobromine, theophylline and aminophylline), the 
mercurials and acetazoleamide. 

All soluble mercurial compounds possess diuretic properties, and in the 
organic mercurials the degree of activity depends upon the amount of mercury 
present. Most of the therapeutic effect of these compounds is due to their 
affinity for proteins (1). All the mercurials described below, except for chlor- 
merodrin and mercaptomerin, are used in combination with an equimolecular 
proportion of theophylline. This increases the diuretic effect and lowers the 
toxicity. 

Mersalyl. Sodium salicyl-3-hydroxymercuri-2-methoxypropylamide-O- 
acetate. C 18 H M HgNNaO,. (III). 

Preparation. The original method of preparation (2) is as follows: 


0 OH + SCNCH 2 CH=CH 2 

COOH * * 


VOH 

^CONHCH t CH—CH 2 

I 


+ COS 


ClCH 4 COOH 
->. 


O OCHjCOOH 

CONHCH 2 CH=CH 2 

II 


1. Hg(OAc) 2 y\oCH 2 COONa 

2. NaOH > l s ^CONHCH 2 CH(OMe)CH 2 HgOH 

III 


Salicylic acid is heated with allyl irothiocyanate at 140° for 20 hours (3, 4) to 
yield aflylsalicylamide (I). Reaction with chloracetic acid gives a low yield of 
allylsalicylamide-O-acetic acid (II). Mercuric acetate converts this to mersalyl 
acid which is dissolved in caustic soda solution to give mersalyl (HI). 
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In a variation of this approach (5) allylamine is first obtained by Hydrolysis 
of allyl irothiocyanate and then reacted with methyl salicylate to give the allyl- 
amide. The subsequent steps are the same as those in the original synthesis 
above. 

An alternative approach has been announced (6, 7) in which the acetic acid 
grouping is fixed before the allyl group. Salicylamide is reacted -witH ethyl 
chloroacetate in ethanol in the presence of sodium ethoxide to yield the ethyl 
ester of salicylamide-O-acetic acid (IV). This is allylated fc»y the use of allyl 
bromide and then saponified with caustic soda to yield allylsalicylamide-O- 
acetic acid (II). Mercuration then leads to mersalyl. 


/\0H 

\A 0NH * 


CICH,COOEt / 
- > 


OCH,COOEt I- BrCIIgCH- CH » 

CONH, 2. NaOH 
IV 


II 


Properties. Mersalyl is a white deliquescent powder with a Hitter taste - * 8 

soluble at 20° in 1 part of water, 3 of ethanol and 2 of methanol- is insolu e 

in ether or chloroform. — 

Chlormerodrin. 3-Chloromercuri-2-methoxypropylurea. C 6 HjiClHg a a* 
(V). . ^ 

Preparation. Allylurea is reacted with mercuric acetate in methanol in t^e 
presence of acetic acid. The hydroxy compound obtained is con vert e t 

chloride by reaction with aqueous sodium chloride solution (8, 9). A i S3° The 

is recrystallised from ethanol. It is a white powder of m.p- 152 to 
above reaction of mercuric acetate with a diene such as allyl urea is 
the preparation of organic mercurial diuretics. 


153 

common 


in 


1. Hg(OAc), 

H,N. CONH. CH,CH=CH,->• 

2. NaCl 


,N.CONH.CH,CH.CH,Hg.CI 




V 


1 d 1 3 -Hydroxy- 

Meralluride. Methoxyhydroxymercuri-propylsuccinylnrea- x 

mercuri-2-methoxypropyl)-3-succinylurea. CjHjgHgNgO*. C v together to 

Preparation. Allylurea and succinic anhydride are first reac rrie thanol 
yield 2-carboxypropionylallylurea (VI). This is mercurated it* 
meralluride (10, 11). 


to 



Allylurea 

—.— 


CONH. CO(CH ,)*C° ° ** 
NH.CH.CH=CHs 


VI 
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Hg(OAc) a 
-► 


CONH. CO(CH,),COOH 

NH.CH,CHCH,HgOH 

d)Mc 

VII 


Properties. Meralluride melts at 188*5° to 190*5° (dec.) and the corresponding 
bromide at 163° to 163*5°. This mercurial diuretic is converted to its sodium salt 
and combined with an equimolecular proportion of theophylline to give meral¬ 
luride sodium with theophylline monohydrate. 

Mercurophylline. 2-Methoxy-3-hydroxymercuripropylamide of trimethyl- 
ryc/opentanedicarboxylic acid. C I4 H tt HgNO,. (VIII). 

Preparation. Mercurophylline is prepared by the action of mercuric acetate 
in methanol upon the corresponding allyl compound (12). 


HOOC 



CONHCHjCHCHgHgOH 

d)Me 

VIII 


Properties. For use the mercurial compound above is converted to its sodium 
salt and then combined with theophylline. The complex so obtained is a white 
odourless powder that is hygroscopic and darkens in air. Its aqueous solutions 
are alkaline. 1 g dissolves in 5 ml of water. It is soluble in ethanol and in¬ 
soluble in ether. 

Mercaptomerin sodium. Disodium salt of N-(3-carboxymethylmercapto- 
mercuri-2-methoxy)-propyl camphoramic acid. Ci ft H M HgNNa t OgS. (IX). 

Preparation. The compound (VIII) above is reacted with one equivalent 
proportion of the sodium salt of the thioglycollic acid, NaOOC.CH t SH, in 
aqueous alkali (13). The solution is evaporated to give the disodium salt of 
mercaptomerin. 


Me Me 
Me 


NaOOC 



ONHCHgCHCH 8 HgSCH,COONa 


A; 


Me 


IX 


Properties. Mercaptomerin sodium is a hygroscopic white solid that is soluble 
in water and in ethanol. It is almost insoluble in ether, benzene or chloroform. 

Mercumatilin. Sodium salt of 8-(2-methoxy-3-hydroxymercuripropyl)- 
coumarin-3-carboxylic acid. C 14 H„HgNaO,. (XII). 
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Preparation. Salicylaldehyde is reacted with allyl bromide in ethanol in the 
presence of potassium carbonate and the resulting allyl ether*, on being heated 
to 225°, undergoes a curious rearrangement to give X. This is then reacted 
with cyanoacetic acid and the compound obtained, now containing a nitrile 
group, is hydrolysed, decarboxylated and ring-closed by hydrochlo ric acid. Thus 
8-allyIcoumarin-3-carboxylic acid (XI) is obtained. Addition of mercuric 
acetate in methanol as usual leads to the free acid corresponding to mc rcumati 1 in. 
Aqueous sodium bicarbonate is then added and mercumatilin is obtained. It is 
administered as the theophylline complex (14). 


OH 

^\CHO 



CH., 


CH 2 CH=CH, 

/\,0H 

k /CH COOH 

\ / 

C 

CN 


CH,CH(OMe)CH,HgOH 

0 



i at 155° to 1^0 • 

Properties. The free acid corresponding to mercumatilin melts a 

Acetazolamide. 2-Acetylamino-l : 3 : 4-thiadiazole-5-snlpf lC>r ^^ 1 ^ /XIV). 

r* t-T TSl .C J -J.- v _ 

* 0 |,tained from 

Preparation. 2-Acetylamino-l : 3 : 4-thiadiazole-5-thiol (X-II ^lorine intro- 
thiourea (15) is dissolved in dilute acetic acid, cooled and gaseous ^ liquid 

duced (16). The sulphonyl chloride is obtained and is amid» to 
ammonia to yield acetazolamide (XIV). 


1. Cl, 


N —N 

I 

AcHN.C CSH 

\ / 2. NH, 


AcHN 


N—N 

i c.so.^o 

\/ 
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Properties. Acetazolamide, which was introduced in 1952, is a new type of 
diuretic. It is a white solid of m.p. 258° to 259°. 

Chlorothiazide. 6-Chloro-7-sulphamoylbenzo-l : 2 : 4-thiadiazine-l : 1- 
dioxide. CAONaOjSa. (XVII). 

Preparation. 3-Chloroaniline when reacted with chlorosulphonic acid in the 
presence of sodium chloride yielded the disulphonyl chloride (XV) which was 
converted to the disulphonamide (XVI). Formic acid gave the formyl compound 
which then ring closed to chlorothiazide (XVII). The disulphonamide and 
chlorothiazide both have diuretic properties (17, 18). 


Cl 

NH, 

Cl nh 2 

Xr 

" C1SO.H 

-► 

YY 


AA 

ClO a S SO a Cl 

XV 


Cl 

NH a 

nh 8 

YY 

- > 

- ► 

AA 

HCOOH 


H a NO a S 

XVI 

SO a NH a 

Cl 

NHCOH 

Cl n 

Y 

y 



A 

/Vy 

H a NO a S 

SO a NH a 

H.NO.S ^ 

XVII 


Properties. Chlorothiazide was introduced in 1957; it melts at 342-5° to 
343° (dec.). 
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CHAPTER XVI 


Anticoagulants 


Many cardiovascular difficulties involve the blood coagulation mechanism. 
Thrombosis, i.e. the clotting of blood within the blood vessels, is an ever present 
risk in all major surgical operations. The anticoagulant drugs are able to prevent 
this clotting by interference with the complicated biochemical mechanism that 
brings it about. 

The main coagulants in use are heparin (see p. 367), dextran sulphate, the 
coumarin derivatives and phenindione. Heparin is the natural anticoagulant 
found in the body. 

Dicoumarol. Bishydroxycoumarin. (I). 

Preparation. Methyl salicylate is acetylated with acetic anhydride in the 
presence of a trace of concentrated sulphuric acid and methyl acetylsalicylate is 
obtained. When the latter compound is added to liquid paraffin at 245° contain¬ 
ing molten sodium, the sodium compound of 4-hydroxycoumarin forms and is 
converted to the parent compound by addition of hydrochloric acid. Then by 
reaction of 4-hydroxycoumarin with aqueous formaldehyde, dicoumarol i9 
precipitated (1). 



COOMe 


O OCCH, 


Na 



OH 



OH OH 



Properties. Dicoumarol was shown by Link and his associates (2) to be the 
active agent present in spoiled sweet clover that often caused a fatal haemorrhagic 
disease in catde. It was in this way that its anticoagulant powers were discovered. 

It is a white solid of m.p. 288° to 289° that is only slightly soluble in water but 
forms salts with strong alkalis and these compounds are water soluble at pH 8. 
It is active orally. 
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Preparation. 4-Hydroxycoumarin is condensed with the ethvl r 

glyoxyhc acid (3) ethyl dichloroacetate (4), ethyl diethoxyaoet:at:e y (5) or the 

semiacetate HOCHOEt.COOEt (6). L J or ttie 



+ OCH. COOEt 


Ethyl glyoxylate 


OH COOEt: OH 



Properties. Ethyl biscoumacetate is a white crystalline powder that exists in 
two forms having melting-points of 153° to 154°(from methanol) and 173° (from 
acetic acid). It is more prompt in action than dicoumarol. 

Cyclocoumarol. 3 : 4-Dihydro-2-methoxy-2-methyl-4-phenyl-2H ; 511- 

pyrano-1 -benzopyran-5 -one. (IV). 

Preparation. 3-(l-Phenyl-2-acetylethyl)-4-hydroxycoumarin ( 111 ) is reacted 
with methanolic hydrogen chloride at the b.p. (7). The preparation of III has 
been described (8). 


OH 

CH C # H # CH, CO Me 

III 


Me OMe 



Properties. Cyclocoumarol has a m.p. of 166°. It is insoluble in water and 
slightly soluble in ethanol. 

Phenindione. Phenylindanedione. C 1# H 10 Oj. (V). , 

Preparation. This compound was made by Nathanson (9) in 1893 by t e 
following method: 



=CH.C a H 5 


NaOMe 

MeOH* 


Sodium 

salt 



Benzalphthalide 

Benzalphthalide which is obtained from phthalic anhydride and ben^ihc 
(10) is reacted with sodium methoxide in methanol. The sodium salt o 
then acidified to give phenindione. 


acid 
is 
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In an alternative method (11) phenindione is made by condensing phthalid 
with benzaldehyde. 

Properties . Phenindione has a m.p. of 149°. It is soluble in the usual organic 
solvents and in caustic soda solution and ammonium hydroxide. It is insoluble 
in water. 

Dextran sulphate. 

Preparation . Dextran, which is a plasma substitute (12), is a polysaccharide 
composed entirely of glucose units, and is produced by the action of the non- 
pathogenic coccus Leuconostoc mesenteroides upon a substrate of sucrose and 
phosphate (13, 14). The sulphate is made by the reaction of dextran in pyridine 
with chlorosulphonic acid (IS). 

Properties. Only the lower polymers of molecule weight about 8,000 are 
sufficiently non-toxic for use as anticoagulants. 
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CHAPTER XVII 


Diagnostic Agents 


These drugs are used to reveal anatomic evidences of disease, ox* tto test the 
functional capacity of certain organs of the body. It is for the latter purpose that 
the X-ray contrast media are used. 

Hypertension due to pheochromocytoma can be diagnosed fc>y* the vise of 
certain drugs. In this condition a tumour is present in the body and charac¬ 
teristically gives rise to excessive adrenaline and noradrenaline in -the blood 
stream. Adrenergic blocking agents counteract the pressor activity of these 
compounds and so cause a sharp fall in the blood pressure- Phentolamine, 
dibenzylaminoethyl chloride and piperoxane are used for this purpose. The first 
two compounds have been described under Adrenergic blocking agents (p- 74). 

In the condition known as myasthenia gravis, the skeletal muscles are vinaple 
to function with their normal power, due to a low concentration of acetylcholine 
at the motor end-plates. Neostigmine or edrophonium, which are anticno in 
sterases, reduce the rate of destruction of acetylcholine and lead to 
increase in muscle power. These two compounds are antagonists 
muscle relaxants and are described in the chapter devoted to these 


temporary 
of skeletal 
compounds 


(p. 90). 


Kidney disorders may be investigated by the use of diagnostic agents- _ 

tol.inulin and sodium thiosulphate, for example, are almost completely e 1 __ _,ii 


D^ 3 gC d *lomeruH 

_ _the 

compound that is often used to measure the flow of blood plasma triIIJ ^ ose 
kidneys. Phenol red and indigocarmine have been used for the same p - Jiat £ ori 
Dyes such as azovan blue and Congo red are employed in the C om- 

of blood volume, a factor important in impending shock. The dye, Sequent 
bines firmly with plasma albumin, is injected intravenously and 1 ^ re 0 f the 


from the blood by the glomeruli of the healthy kidney, 
show much lower elimination rates than normal. Sodium 4-s 


concentration in a blood sample is measured. This gives a mea sU 
dilution of the dye and thus of the total blood volume. an indicator 

Quinine carbacrylic resin, an ion exchange resin, is employed us ^ 1 _ 0 jy aC rylic 
for the detection of excess of gastric acidity. It is the quinine salt: o reS ^ £>y the 
acid. On oral administration, the quinine is displaced from r 

hydrogen ions of free hydrochloric acid present in the stomach- 
in the urine and may there be estimated photometrically. rays it* 1895- 

Contrast media were introduced soon after the discovery of_ w j lC obtained 

A detailed radiographic image of the softer parts of the body 


app ears 


can 


uuuj — — i-p£>se, contrast 

when a difference in radio-opacity has been achieved. For this ,?rsThe area more 
media are introduced into the area. The medium usually reri< ^ r .. s the stomach 
opaque, but the reverse procedure is occasionally employed. -*• 
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can be outlined to some extent by giving the patient a mixture of sodium 
bicarbonate and tartaric acid and rendering the stomach lining visible against the 
surrounding tissue because of the carbon dioxide present. 

The capacity of an element to absorb X-rays depends upon its atomic number. 
Substances of high atomic number such as bismuth nitrate, bismuth sulphate 
and barium sulphate were used, but they are limited to those parts of the body 
from which they can be directly excreted. Thus barium sulphate is now used 
only for visualisation of the alimentary canal. Iodine absorbs strongly in the 
wavelengths used for X-ray diagnosis and iodine compounds are in use as con¬ 
trast media. Sodium iodide was introduced as an X-ray diagnostic aid but was 
soon replaced by organic iodo-compounds. Iodised oil was first advocated as a 
contrast medium by Sicard in 1921, and since then, many iodine addition pro¬ 
ducts of unsaturated vegetable oils have been employed. The main constituent 
of these products is glyceryl diiodostearate. 

The early procedures employed in radiography involved placing the radio¬ 
opaque compound at the site to be examined. An easier method was introduced 
for gall-bladder visualisation by Graham and Cole in 1924. They showed that 
chlorinated and brominated phenolphthalein were concentrated and excreted by 
the liver. Thus these substances were possible contrast media. Whitaker and 
Milliken in 1925 showed that the corresponding iodine compound was less 
toxic and it came into general use as iodophthalein (1) for oral or intravenous 
administration. The isomer disodium phenoltetraiodophthalein (11) was also 
employed. 



I 


ONa 



11 


The compound pheniodol (XIII) was first used in 1940 and it has now largely 
replaced iodophthalein. Since the introduction of X-ray contrast media in the 
early years of the present century there has been considerable expansion in both 
their numbers and application. 

The iodination of a benzene ring by iodine is a substitution reaction liberating 
one equivalent of hydriodic acid. The latter substance tends to reduce the iodo- 
compound formed and must therefore be removed. This is done by neutralising 
with an alkali or by addition of an oxidising agent. When iodine monochloride or 
iodide - iodate are used, an acid medium is necessary. 

Iodised oil. 

Preparation. Vegetable oils, such as rape oil, maize oil, and arachis oil have 
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been iodinated and used as X-ray contrast media. Iodised oil B.I*. is an iodine- 
addition product of poppy-seed oil. It has been prepared By inclination with 
iodine trichloride (1), but the product then contains chlorine and a Better method 
is that in which hydriodic acid is used (2). 

Properties. Iodised oil is a pale yellow clear liquid with no odour and a bland 
oily taste. It is unstable to air and sunlight. The iodine percentage can vary 
from batch to batch and the product must have a weight per ml of 1-34- to 1-37 
g at 20°. The combined iodine should be 40 per cent. Iodised oil is soluble in 
ether, chloroform and light petroleum. It is insoluble in water- 
iodised oil is used in the examination of the bronchial passage s - 
Methiodal sodium. Sodium iodomethanesulphonate. OH 2 INaO a S. (III). 
Preparation. Methyl iodide is reacted with sodium sulphite (3, 4-)- 


CH 3 I + Na 2 SO a 


-> CH 2 INa0 3 S 

III 


d as a starting 


with a 


Diiodomethane is formed as an intermediate and has been use 
material (5). Other methods have also been employed (6, 7). 

Properties. Methiodal sodium is a white odourless crystalline po'wder, 

slight saline taste and a sweetish after-taste It is unstable to light- It is so u e 
in water giving a neutral solution. It is soluble in methanol, slightly so u e 
ethanol and insoluble in acetone, benzene and ether. 

Methiodal is used by injection for the visualisation of the urinary I * a - . . » 

Diodone. Diethanolamine salt of 1 : 4-dihydro-3 : 5-diiodo—4 oXO " 

acetic acid. C ll H 1< I 2 N 2 0 6 . (VII). c ial pro- 

Preparation. Investigations into methods available for the com in j_j ac j crnan 

duction of 3 : 5-diiodo-4-oxo-l-pyridylacetic acid were carried out y ^^.^2 and 
(8) and by Baker (9). The substance was introduced in Germany Jxydro- 

the German method of preparation has been published (10). B y ri reaction 

chloride is converted to the nitrate (IV) and this is iodinated ^hy iodine is 

between sodium iodide and sodium iodate in sulphuric acid, 'vvne ^-cioitation 

liberated. The crude iodopyridone (V) so obtained is purified hy^ ^v"ith chloro- 
from aqueous alkali by addition of mineral acid and is then reacte r0 duct melts 
acetic acid. The substituted pyridylacetic acid (VI) obtained a AA7II1 

at 245° to 247°. Reaction with diethanolamine produces diiodone V. 



JL 

O ' ^NH —> 0= 




nch.cooh 


VI 


NCH 2 COOH 2 N(CH 2 CH a ° I ' I >* 


VII 
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Diodone is employed as an intravenous aqueous injection solution for visuali¬ 
sation of the kidneys and the urinary tract. 

Propyliodone is chemically related to diiodone and is propyl 3:5-diodo-4- 
pyridone-N-acetate. It was introduced in 1953 by Tomich for bronchography. 
It is a white crystalline solid of m.p. 186° to 187° (dec.). The solubilities in 
100 ml of water at 15°, 35° and 95° are 0*014, 0*02 and 0*11 g respectively. It is 
slightly soluble in serum and saline. 

Iodoxyl. Disodium 3 : 5-diiodo-N-methyl-4-pyridone-2 : 6-dicarboxylate. 
C 8 H a I,NNa a 0 6 . (X). 

Preparation. Chelidonic acid (VIII) is reacted with aqueous ammonia to 
yield chelidamic acid (IX) which is iodinated by alternately acidifying and neutra¬ 
lising a solution of chelidamic acid and iodine in alkali (8). Methylation is 
accomplished by dimethyl sulphate in caustic soda solution. The product, 
N-methyl-3 :5-diiodo-chelidamic acid, is easily converted to its disodium 
salt (X). 



N N 

H Me 


X 

Properties. Iodoxyl is a white odourless powder that is soluble at 20° in 1 part 
of water and 100 parts of 95 per cent ethanol. It is insoluble in ether and 
chloroform. The parent dicarboxylic acid melts at 173° to 174°. 

Iodoxyl is used particularly for examination of the kidneys and ureter. 

PheniodoL Iodoalphionic acid. 3 : 5-Diiodophenylphloretic acid. 

(XIII). 

Preparation. This compound was introduced in 1940 and the method of 
preparation has been published (11). Anisaldehyde is condensed in a Perkin 
reaction with sodium phenylacetate in acetic anhydride. The resultant 1-phenyl- 
2-(methoxyphenyl)acrylic acid (XI) is purified through its sodium salt and then 
reduced in methanolic solution by hydrogen at 50 atmospheres in the presence 
of Raney nickel. 4-(Methoxyphenyl)phenylpropionic acid (XII) is obtained. It 
is demethylated by heating with 48 per cent hydrobromic acid, and then iodinated 
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by the use of iodine in the presence of aqueous ammonia (12). Ot her work.e rs (9) 
have used iodine monochloride. The pheniodol (XIII) formed ca.n t>e purified 
by crystallising it from aqueous ethanol. 


CHO 



MeO 


NaOOCCH 2 




OMe 

XII 


ch - c:-COOH 



OMe 


XI 



XIII 


^ -| C QO 

Properties. Pheniodol is a white crystalline powder with a or 1J 

162° (dec.). It is insoluble in water, soluble in ether and ethanol and ” ot ve ^ 
soluble in benzene, toluene or chloroform. It dissolves in 5-8 parts or e 
at the boiling-point and in 120 parts at room temperature.. „ material 

Pheniodol contains an optically active carbon atom and the inactive 
has been resolved into the optically active isomers (13). . nvll- 

Ethyl iodophenylundecanoate. Iophendylate. Ethyl- lO—(4 °P n 

undecanoate. C 1# H 29 I0 2 . (XIV). 1 to vie Id the 

Preparation. The corresponding acid is esterified with ethanol y 

required ester (14). 

l/^ScH(CH 2 ) 8 COOEt 

\=/ | 

Me 

XIV 


pound shown 

Properties. Ethyl iodophenylundecanoate is mainly the cor ^y boiling- 

above,but other isomers are present. It is a colourless, odourless ot * j £ s 1-245 

points of 196° to 198° at 1 mm and 180° at 0-2 mm. The weigh*_ 5 >eI j t j s slightly 
to T260 g at 20°, and the refractive index is 1-525 to 1-527 at 20 

soluble in water and freely soluble in organic solvents. . 0 f the spinal 

It was introduced in 1942 and is used by injection for visualise* 1 
canal. i«ropion ic acid. 

Iopanoic acid. 2-(3-Amino-2 : 4 : 6-triodophenyl)-l -ethy F 
CuH^I.NO,, (XVI). an hydrid<= in the 

Preparation. 3-Nitrobenzaldehyde is condensed with butyn yield the sut? 

presence of sodium butyrate in a Perkin reaction (15, 16, 17) 5 OO lh/s^l- * n ' 

stituted cinnamic acid (XV). This is then reduced by hydroge** 
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with a Raney nickel catalyst in caustic soda; iodination by iodine mono¬ 
chloride in acid solution leads to iopanoic acid (XVI) which is crystallised from 
a mixture of chloroform and light petroleum. 


/\cHO , „ EtCH.COONa /\ C H=C—COOH 


V > 

NO, 


+ (EtCH,CO),0 


Et 


XV 


H * f^\CH,.CH.COOH 

U i, 

NH, 1 


ICI /S 1 CH..CH.COOH 

'U> A 

NH, 111 
XVI 


Properties. Iopanoic acid is insoluble in water and soluble in ethanol, acetone 
and alkalis. It is a cream coloured powder, odourless and tasteless, with a m.p. 
of 156° to 158°. It is used orally for visualisation of the gall-bladder and the 
biliary tract. 

Sodium acetrizoate. Sodium 3-acetamido-2 : 4 : 6-triiodobenzoate. 

C,H 6 I,NNaO,. (XVII). 

Preparation. 3-Aminobenzoic acid is iodinated by iodine monochloride and 
the amino group is then acetylated by the use of acetic anhydride (18, 19, 20). 
The acid formed is decolorised by charcoal as the ammonium salt, is reprecipi¬ 
tated by addition of hydrochloric acid and converted to sodium acetrizoate 
(XVII). 


COOH 





1. Ac,0 

2. NaOH 



XVII 


Properties. Sodium acetrizoate is very soluble in water and is used for in¬ 
travenous radiography as a 30 per cent or a 70 per cent solution. An aqueous 
solution is clear and colourless, and has pH 7-0 to 7-4. The corresponding acid 
melts at 280° (dec.) and its ethyl ester at 207°. 

Iophenoxic acid. l-Ethyl-2-(3-hydroxy-2 : 4 : 6-triiodophenyl)propionic 
acid. C u H u I,0,. (XIX). 

Preparation. 3-Hydroxybenzaldehyde is condensed with butyric anhydride 
in the presence of sodium butyrate to give ethylhydroxycinnamic acid (XVIII). 
This is hydrogenated (21) in 10 per cent caustic soda solution with Raney nickel, 
at 2 to 3 atmospheres. Iodination of the product by iodine monochloride yields 
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iophenoxic acid (XIX) which may be recrystallised from a mixture 0 f benzene 
and light petroleum. 


0 CH ° + (EtCH,CO) s O 
OH 



CH=C- 


COOH 


OH 


Et 


XVIII 


H » /\cHr-CH—COOH 
Et 


IC1 


OH 



COOH 


OH 


XIX 


Properties. Iophenoxic acid is a white crystalline powder with a faint odour 
and characteristic taste. It melts at 142° to 143°, is slightly solvable i n water and 
freely soluble in ethanol. It is administered orally after a fatty meal and allows 
the visualisation of the gall-bladder. 


Other diagnostic agents 

Piperoxane. 2-(l-Piperidylmethyl)-l: 4-benzodioxane. C 14 H ie N ( ) 2 - (XXII). 

Preparation. Pyrocatechol is treated with glyceryl monochlorohydrin in the 
presence of potassium hydroxide to yield 2-hydroxy me thy 1-1 - 4— benzodioxane 
(XX). Treatment with thionyl chloride in pyridine leads to the 2 -chloro 
pound (XXI) and this, condensed with piperidine, gives piperoxane (X.X.I 1). e 
method has been patented (22). 



+ 


CH,OH 

C1CH,—CHOH 


S0C1 




\ A 0 / CHCH * C1 

XXI XXII 

orystalline 

Properties. Piperoxane in the form of its hydrochloride is a wm rtcns ion 

material of m.p. 232° to 236° and is used as a diagnostic agent for y 
due to pheochromocytoma. The picrate melts at 165° to 168°. i0 J\ T 2 O 3 . 

Sodium aminohippurate. Sodium 4-aminobenzoylgly ciriat:e ' ° A ° 

(XXIII). 
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Preparation. Nitrobenzoyl chloride is reacted with glycine ethyl ester hydro¬ 
chloride (23) and the nitro compound is reduced (24) to aminohippuric ester 
from which the sodium salt (XXIII) is prepared by saponification. 

NO,^^>COCl + HC1. H,N. CH,. COOEt 


> 


NO 


o 


CONHCH,COOEt 


1. H t 

-j 

2. NaOH 


H,N^~^>CONH. CH,. COONa 
XXIII 


The nitro group may be reduced by tin or iron and acid or by hydrogenation 
using Raney nickel as catalyst. 

Properties. Sodium aminohippurate is used to measure the flow of blood 
plasma through the kidneys. 4-Aminohippuric melts at 198° to 199°. It is 
soluble in ethanol, chloroform, benzene and acetone and sparingly soluble or 
insoluble in ether, carbon tetrachloride and water. The ethyl ester melts at 
93° to 95°. 

Quinine carbacrylic resin. (XXIV). 

Preparation. A cationic exchange resin in its acidic form is allowed to react 
with quinine hydrochloride in aqueous solution (25 to 27). The quininium resin 
compound (XXIV) is formed. 

quinine 

R—(COOH) b -R—(COOQuinine) n 

hydrochloride 

XXIV 


On oral administration the quininium cation is displaced by hydrogen ions in 
the stomach and is estimated in the urine by a fiuorometric technique. By 
this method gastric acidity can be measured. 
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CHAPTER XVIII 


Miscellaneous Synthetic Drugs 


In this chapter are included certain drugs which do not warrant a chapter to 
themselves such as the analeptics, the antithyroid drugs, synthetic purgatives and 
certain groups that are of interest, but have not been explored to a sufficient 
extent for extended treatment. 


ANALEPTICS 

These compounds are stimulants of the central nervous system, particularly 
of that part controlling respiration. They are thus anti-narcotics and convulsants. 
The main analeptics are strychnine and brucine, picrotoxin, caffeine, theobromine 
and theophylline among natural compounds (see Part II). The synthetic analep¬ 
tics nikethamide and leptazol are described below. In addition certain of the 
sympathomimetic amines, e.g. amphetamine, have analeptic properties. 

Nikethamide. NN-Diethylnicotinamide. C 10 H 4 N,O. (I). 

Preparation. Nicotinyl chloride may be reacted with diethylamine or its 
hydrochloride (1), but the preparation of the acyl chloride is not straightforward 
(2) and other methods of preparation of nikethamide have been used. Nicotinic 
acid, for example, has been heated with phosphorus pentoxide and diethylamine 
in toluene (3). 


()C00H 

N 


+ P*0 5 + 


Et s NH 



Quinolinic acid anhydride and diethylamine may be reacted together and the 
product decarboxylated to give nikethamide (4). Other methods have been 
described (5). 

Properties. Nikethamide is a colourless liquid of b.p. 280° and f.p. of 23° to 
25°. It has a weight per ml at 20° of 1*060 to 1*063 g. It readily mixes with 
water, and is soluble in ethanol, ether, chloroform and acetone. 

It was introduced in 1924 and is a respiratory stimulant acting against such 
central nervous system depressants as morphine and the barbiturates. 

Leptazol. Pentylenetetrazol. 1 : 5-Pentamethylenetetrazole. C e H 10 O 4 . (III). 

Preparation. ryc/oHexanone or its oxime is reacted with hydrazoic acid. When 
the ketone is used, the reaction is as follows: 

186 
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/-V HN, y -V 

o°—c 


HN, 


NH 

II 


Cw 


N 

" N 


1ST 


III 


The reaction probably goes by way of the intermediate 2-k.eto-Hexamethyl- 
enimine (II) which is not isolated. Hydrazoic acid is explosive when pure, but 
in solution in a mixture of benzene and light petroleum it ia safe to handle. An 
aqueous solution of sodium azide at 3° is acidified with sulphuric acid. Hydra- 
zoic acid forms and is dissolved out with benzene - light petroleum. A. catalytic 
amount of ferric chloride is added to the hydrazoic acid solution sand then the 
cyclohexanone is added slowly with stirring and cooling. The reaction mixture 
is finally basified and the product extracted with benzene. It may he distilled at 
150° to 153° at 0-45 mm or crystallised from a mixture of benzene and light 
petroleum (6). 

In the alternative method using cyclohexanone oxime tlx e °^ 11 ? e ^ 

ethylene dichloride is added to a mixture of sodium azide an d chlorosu p 
acid in the same solvent. Excess chlorosulphonic acid is decompos® y 
addition of water, and the lower sulphuric acid layer containing tlx e * e P. 
some leucine lactam as an impurity is separated from the ethyl en ® - s ^ . 

It is heated to 95° to hydrolyse the lactam to leucine sulplxa-*^ - _ ' cstrbon th^ 

and the calcium sulphate separates; after treatment with. aCtl ^^ lC t eactract^ 
aqueous solution of leptazol is concentrated and the required P^° 
with ethylene dichloride. Addition of ether precipitates leptazol. ^ airiffr a y 



It was 


Properties. Leptazol is a colourless crystalline substance 
taste. It melts at 58°. With mercuric chloride it forms s 
C 9 H 10 N 4 HgClj, of m.p. 175°. At 20° one part dissolves irx 1" ^ 
and 25 parts of water. It is also soluble in chloroform and ctner^_^^ 
introduced in 1925 and has been used to counteract respiratory ^ 
anaesthesia and in barbiturate poisoning. It has also been ® rn I > ^ 
vulsant in the treatment of schizophrenia. 


eompoij. 


ti ** 


a du ^ 


ANTITHYROID DRUGS 


The endocrine gland, known as the thyroid, secretes the 
(IV). An excess of this hormone in the blood stream leads 
known as thyrotoxicosis. 


horm° ne 
to the 


thyro^ 

cond iuZ' 


HO 



CH.CHNH 


..coo** 


y'Heraic*^ substances 

The activity of the thyroid gland can be influenced by g j xoW cd that the 

which have been administered orally. In 1928 Chesney V.^7 ^ (lO) many syn- 
organic substances present in cabbages have this effect. synthesis of 

thetic substances were shown to be able to interfere witn 
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thyroid hormones in the thyroid gland. Of the many compounds tested, only 
methylthiouracil, propylthiouracil and methimazole have gained a place in 
therapeutics. 

It has been suggested by Stuckey (11) that antithyroid activity is closely 
linked with the degree of ionisation of the antithyroid compound at the pH of 
the blood. 

Methylthiouracil. 6-Methyl-2-thiouracil. 4-Hydroxy-2-mercapto-6-methyl- 
pyrimidine. C a H # N a OS. (V). 

Preparation. Thiourea is condensed with ethyl acetoacetate in ethanol in the 
presence of sodium ethoxide. The reaction mixture is then acidified to pH 4 
and the crude product is filtered and recrystallised (12). 

NH a EtO—C=0 NH—CO 

&=<!: + CH, -> S=C^ ^CH 

I I \ ✓ 

NH, 0=C—Me NH—C 

jlle 

V 

Properties .* Methylthiouracil melts at 326° to 331° (dec.). It is slightly soluble 
in ethanol and very slightly soluble in ether or water, but is readily soluble in 
dilute aqueous sodium hydroxide solution. Methylthiouracil is used in the 
treatment of thyrotoxicosis and in the preparation of patients for thyroid 
operations. 

Propylthiouracil. 6-Propyl-2-thiouracil. 4-Hydroxy-2-mercapto-6-propyl- 
pyrimidine. C 7 H 10 N a OS. (VI). 

Preparation. The method used is similar to that employed for methylthiouracil. 
Ethyl 2-oxohexoate is used instead of ethyl acetoacetate (12). 

H 

N 

°=f V s 

V NH 

(CH,),CH 3 

VI 

Properties. Propylthiouracil is a white crystalline powder with a bitter taste. 
It has a m.p. of 218° to 221°. It is slightly soluble in water (1 part in 60 at 100°) 
and sparingly soluble m .ethanol. It is soluble in aqueous solutions of alkali 
hydroxides and in ammonium hydroxide. Its uses are the same as those of 
methylthiouracil. 

Methimazole. 2 - Mercapto -1 - methyliminazole. 2 - Mercapto -1 - methyl- 
glyoxaline. C 4 H«N 8 S. (VII). 

Preparation. Methylaminoacetal (prepared from the haloacetal and methyl- 
amine) is reacted with potassium thiocyanate and hydrochloric acid in ethanol (13). 
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HSCN + (EtO),CHCH,NHMe 


N 

Or 1 


yn 


Other methods have been used (14). 

Properties. Methimazole is a tasteless white powder with a. m.] 
148°. It is soluble in water, ethanol and chloroform and fairly soli 
It was introduced in 1949 and is approximately twenty times 
propylthiouracil. 

SYNTHETIC PURGATIVES 

Phenolphthalein. Di-(4-hydroxyphenyl) phthalate. c io h 14 o^. 

Preparation. Phenolphthalein, first prepared in 1871, is obtained 
densation of phthalic anhydride and phenol in the presence of zinc c 

^ /HC,H 4 OH), 


f-5 to 
ether, 
nt as 


(VIII). 

>y tfie con- 

lorid e (I*)- 


Lee / 5 


* Klc in ethanol 

Properties. Phenolphthalein is almost insoluble in water but fcorr.). 

(lgin 12 ml), in ether (1 gin 100 ml) and in acetone. It melts at 262° ^jurions. 

It is colourless in solution below pH 8-5 and becomes red in more alk a ^ nC 
Diacetoxydiphenylisadn. C M H 19 NO # . (IX). . n between 

Preparation. The diphenol was first prepared in 1885 by the reaCt *A^ c etyla tl0n 
phenol and isatin in the presence of concentrated sulphuric acid- 
with acetic anhydride (15) leads to the diacetate. 


C—(C,H 4 OAc) < 
CO 


IX rindpte 

Properties. This synthetic compound is apparently the active P KanP ) and 

prune juice (16). It is insoluble in water and difficultly soluble h* ets*^* 

ether. It melts at 239° to 240°. 

Dioctyl sodium sulphosuccinate. C 10 H #7 NaO 7 S. (X). 

CH,. COOCH,CH(EtXCH 1 ),CH l 


NaSO.CH. COOCH,CH(EtXCH 1 ),CH i 

X 






This compound is a detergent but has a laxative action, as it P r ° tl /l7)' 
penetration of water into the stools. Its preparation has been patented * 
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HYPNOTIC ANTAGONISTS 

Barbiturates and morphine-like drugs exert a depressant action upon the 
central nervous system. An overdose can lead to death. Drugs with analeptic 
activity have an antagonistic effect upon barbiturate poisoning. Recently workers 
in Australia, whilst investigating the properties of derivatives of glutarimide, 
discovered that bemegride had no barbiturate-like activity but was in fact a 
barbiturate antagonist. 

Nalorphine, described in Part II, Chapter II, is a morphine antagonist and so 
also is amiphenazole. 

Patients suffering from alcoholism may be treated with sedatives or when a 
patient finds it emotionally impossible to break the alcohol habit then disulfiram 
may be useful. After a dose of this drug the subsequent ingestion of alcohol 
causes a flushing of the skin and of the neck and chest which become bright red. 
Then follows a severe headache and a rise in blood pressure followed by a 
precipitous fall in the blood pressure. This gives rise to nausea and vomiting. 
This physiological shock helps the patient to break the addiction. Ethanol is 
normally metabolised in the body to acetaldehyde and thence to acetic acid. 
Disulfiram blocks the latter step and the build-up of acetaldehyde in the body 
causes the above symptoms. Calcium cyanamide citrate has been recently 
introduced for the same purpose. 

Bemegride. 3-Ethyl-3-methylglutarimide. C,H 18 NO s . (X). 

Preparation. The method of preparation was introduced by Guareschi in 
1900 and has been recently described by other workers (18, 19). 


CN 


Me 

\ 


Et 


/ 


G=0 + 


HCH(CN)COOEt 


HCH(CN)COOEt 


Me CH—CO 
EtOH \ / \ 

-* C NH 

NH. / \ / 

Et CH—CO 
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Me CH,COOH Me CH,—CO 
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Ethylmethylketone is reacted with ethyl cyanoacetate in alcoholic 
0° to yield 2 : 4-dicyano-3-ethyl-3-methylglutarimide which 
sulphuric acid gives 3-ethyl-3-methylglutaric acid. This is 
anhydride to yield the corresponding anhydride which, when, lx 
at 200°, leads to bemegride (X). 

Properties. Bemegride, introduced in 1954, is a solid of m.p>_ X 
It may be purified by crystallisation from water or sublimation at X OO 
pressure. 

Amiphenazole. 2 : 4-Diamino-5-phenylthiazole. C,H # N 8 S- (XII). 

Preparation. Bromobenzylcyanide and thiourea are reacted together to yield 
the unstable intermediate (XI) which ring closes to amiphenazolc robronu e 

from which the free base is obtained by neutralisation (20). 


onia at 
■olysis 'with 
with acetic 
with urea 

“ to 124°. 
d 2 mm 
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NH* - HBr 
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H,NC- 
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XII 


NH, 


_ T?uP lishc<i 

A similar method using benzenesulphonylbenzyl cyanide has been 

( 21 )* % jt: rrtssy 

Properties. Amiphenazole is a solid of m.p. 163° to 164° (dec./. to t9l 

recrystallised from water or aqueous ethanol. The picrate melts at * . . cnfi gol c 

and the 2 : 4-diacetamido compound at 233° to 234°. The salts of SU rhc 
and mineral acids are water soluble, and may be crystallised from etb^ n flC tivity 
hydrochloride when given together with morphine allows the analg eS,C r e 9 S* 011 ' 
of morphine to be exerted but counteracts the usual respiratory d^F* 
nausea and constipation. _ _ 


try 


Disulfiram. Tetraethylthiuram disulphide. c 10 h 10 n,s 4 . (XIV> 
Preparation. Potassium diethyldithiocarbamate (XIII) prepared . 
reaction of carbon disulphide with diethylamine in caustic alkali s ° 
oxidised (22 to 25) to disulfiram. 


the 
id 


Et,NH + CS, -> Et,NS,CK — (Et,NCS),S, 

XIII XIV 

Other methods have also been used (26). . 

Properties. Disulfiram is a solid of m.p. 70-5°. It is insoluble in \vatc r t 
be recrystallised from ethanol or from carbon tetrachloride (27). 
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ANTITUSSIVES 


Coughing is a reflex response to irritation of the respiratory mucous mem¬ 
branes which causes displacement of phlegm from the air passages. The dry 
useless cough of early bronchitis, however, is due to hypersensitivity of the 
bronchial tubes. Cough remedies therefore are designed either to render the 
sputum more fluid or to suppress useless coughing. The first group, known also 
as expectorants, includes inorganic salts such as ammonium chloride and 
potassium iodide and many volatile oils such as eucalyptus and the balsams. 

It is in the field of cough suppressants that much recent development has 
occurred. Certain antihistamines have been included in cough remedies possibly 
for their bronchodilatory action and for their local sedative effect. Many 
analgesics and chemically related substances are used as cough suppressants. 
They include codeine, diamorphine, methadone, dextromethorphan, nalorphine 
and pholcodine. Caramiphen, an antispasmodic described in Chapter VI, is used 
in the form of its ethanesulphonate. Two antitussive agents with structures 
similar to that of caramiphen are carbetapentane and oxeladin: 


Ph—C—COO( CH^NEtt 

n 


Ph—C—-COO(CH I ) a O(CH > ) 1 NEt 1 
Carbetapentane 


Caramiphen 

Ph—C—COO(CH 1 ) a O(CH 1 ) 1 NEt 1 

Yx ^Et 

Oxeladin 


The last two compounds are employed as citrates. 


Mustine hydrochloride. Di-(2-chloroethyl)methylamine hydrochloride. 
CjHuCljN.HCl. (XVI). 

Preparation. Diethanolamine is first methylated by the Eschweiler procedure 
by means of formaldehyde and formic acid to N-methyldiethanolamine (XV) 
which is then chlorinated to mustine hydrochloride by means of thionyl chloride 
(28). Studies of the latter reaction on a pilot plant scale have been reported (29). 


CH a CH a OH CH,CHjCl 

/ SOCl a / 

MeN -> HCl.MeN 

^CH,CH,OH ^CH.CH.Cl 

XV XVI 

Me CH, 


N/ 

/ V 

C1CH,CH, CH, 
XVII 


Cl- 
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Properties. Mustine hydrochloride is a white crystalline solid melting at 110°; 
it is easily decomposed by water (30) into N-methyldiethanola.nra.inc: (XV) and 
l-(2-chloroethyl)-l-methyl-aziridinium chloride (XVII). Mustine base boils at 
59° at 2 mm. Mustine hydrochloride has been used in the treatment of leukemia. 

Procainamide hydrochloride. 4-Amino-N-(2-diethy'laxxxinootbyl)L>enz- 
amide hydrochloride. C 18 H tl N,O.HCl. (XIX). 

Preparation. The corresponding nitro compound (XVIII) is prepared by the 
reaction of 4-nitrobenzyl chloride with NN-diethylethylenerd ia nra in o and the 
product reduced electrolytically (31) or catalytically (32) to procainamide 
hydrochloride. 

0,NC,H 4 C0NH(CH J ),NEt 1 .HCl HjNC.H^ONH^H:,)*NEt a .MCI 
XVIII XIX 

Properties. Procainamide boils at 210° to 215° at 2 mm and melts at 46° to 48 . 
The dihydrochloride melts at 176-5° to 178° and the monohydroclxlo ride at 1 o5 . 
The latter compound is a white crystalline solid very soluble in -yirater an 
soluble in ethanol. It is used as a heart-muscle depressant in cardiac disease. 


REFERENCES 

1. Hukusima, J. Chem. Soc., Japan, 1940, 61, 121. 

2. Wingfield et al., J. Amer. Chem. Soc. t 1953, 75, 4364. 

3. German Patent 653,873. 

4. British Patent 244,747. 

5. Oxley et al., J. Chem. Soc., 1946, 763. 

6. Saunders et al., ibid., 1945, 929. 

7. Hungarian Patents 114,061; 134,391. 

8. B.I.O.S. Rept. No. 766, 50. 

9. Chesney et al., Bull. Johns Hopkins Hosp., 1928, 43, 261. 

10. Astwood et al., Eridocrin., 1943, 32, 210. 

11. Stuckey, J. Pharm. Pharmacol., 1949, 1, 382. 

12. Anderson et al., J. Amer. Chem. Soc., 1945, 67, 2197. 

13. Jones et al., ibid., 1949, 71, 4000. 

14. United States Patent 2,585,388. 

15. German Patents 406,210; 447,539; 482,435. 

16. Baum et al., J. Amer. Pharm. Ass., 1951, 40, 348. 

17. United States Patent 2,202,091. 

18. Benica and Wilson, J. Amer. Pharm. Ass., 1950, 39, 451. 

19. Vogel, J. Chem. Soc., 1934, 1758. 

20. Davies et al., ibid., 1950, 3491. 

21. Dodson and Turner, J. Amer. Chem. Soc., 1951, 73, 4517. 

22. Rothstein and Binovic, Rec. Trav. Chim., 1954, 73, 561. 

23. United States Patents 2,375,083; 2,464,799. 

24. Patzsch, Deut. Apoth. Z., 1954, 94, 1284. 

25. Eldjam, Acta Chem. Scahd., 1949, 3, 644. 


194 


THE CHEMISTRY OF DRUGS 


26. Blake, J. Amer. Chem. Soc ., 1943, 65, 1267. 

27. British Patent 660,160. 

28. Hanby and Rydon, J. Chem. Soc., 1947, 513. 

29. Abrams et al., J. Soc. Chem. Ind., 1949, 68, 280. 

30. Austrian Patent 167,872. 

31. Tashika, J. Pharm. Soc., Japan, 1953, 73, 1069. 

32. Baltzly et al., J. Amer. Chem. Soc., 1942, 64, 2231. 



PART II 


NATURALLY OCCURRING 


DRUGS 



CHAPTER I 


Drugs containing Alkaloids. Ztott 




The natural drugs containing alkaloids and the alkaloids derived - t ^* eX *tHough the 
one of the most important groups of substances used in an( ^ 

competition of synthetic compounds has almost ousted some ot «nr»le as 

greatly reduced the use of some others. The use of cocaine e3C ^xiction ck-f 1 

local anaesthetic has been reduced considerably by the 1111 -tions mad 
synthetic products. The use of crude drugs and galenical prepa ^ 

from them has been steadily declining for many years, but: as long 
of medicine’ is prescribed it seems unlikely that it will be entrr< 
but the more accurate dosage provided by tablets or injectioni 
pure alkaloids has obvious advantages. 

For the present purpose only those alkaloids that are uaed *** 

been included, except for a few that, because of their m» r,C4 ^ ___ ^ 

action, are of importance in toxicology. Derivatives prepared gtructure^*^^ 

natural alkaloids and some purely synthetic compounds relateo 

natural alkaloids have also been included in this section. _ -defined, 

The term ‘alkaloid’ is somewhat indefinite and cannot be strl ■ ^ pn i c org~ ^ 

substances are generally regarded as alkaloids that are nitrog en ° pi 

compounds, occurring naturally and almost invariably having 3 - ^Jlcsiloids a' 

xxsnal ly , 

related in structure are also regarded as alkaloids. The term *** -.-rcludea si* 

compounds as adrenaline which would otherwise be 1,1 .. regarded 4 

***** ' 


3 the ‘bottX^ 
■ly discontinue^ 
l made from 

medicine h^- 

^^d j^lxysiologi^ 

rvntbetically fr^ 

j - a«-nietUr^ 

s d 111 



cological action; derivatives prepared synthetically from 

:d as alkalo 

to substances occurring in the vegetable kingdom 

adrenaline which would otherwise be 
derivatives such as caffeine and theobromine are not gcO< 
alkaloids, but for convenience they have been described in 


aixaioias, dui ior convenience mey nave Deen aescnDeu ^ sumSjo( t\ 

simple nitrogenous bases and the amino adds are not regam ^jnparat/^ 
nevertheless the structure of some true alkaloids such as nicotine jS 

aimple - . structure of. 

Much time and labour has been expended in elucidating trac fitl y diminj 
alkaloids; the number remaining whose structure is unknown fiou °f n^^v 

ing. More recently attention has been paid to the spatial confiff 11 
alkaloids. « oxygen, u 

Nearly all alkaloids contain carbon, hydrogen, nitrogen arl ’ 

oxygen is absent from some of the simpler ones. a vie^ ^ 

Many thousands of derivatives of alkaloids have been prepare cl . « j 

modification or improvement of their pharmacological action; *>c __ ^ 
has led to the production of useful compounds but greater 8iaCCeS ^ r 
achieved by the preparation of purely synthetic compounds that n» a y * 

bear some structural relation to the natural alkaloid. 
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Some important groups of alkaloids have been shown to possess a tetracyclic 
structure related to the steroids and are known as ‘steroidal alkaloids’; others 
occur in combination with sugars and are known as ‘glycosidal alkaloids’; hydro¬ 
lysis removes the sugar group and a sugar-free alkaloid is formed. 

Extraction methods . The processes used commercially for the separation of 
alkaloids usually follow a similar pattern and are based on the following prin¬ 
ciples. (i) The extraction of the alkaloid from the drug in an impure condition 
by means of a solvent usually in the presence of an alkali such as lime; (ii) the 
removal of the alkaloid from the solvent by extraction with dilute acid; (iii) the 
precipitation of the alkaloid from acid solution by excess of alkali and its 
extraction by an immiscible solvent and (iv) crystallisation of the alkaloid or of 
one of its salts. Since most drugs contain a mixture of alkaloids special methods 
of purification must be applied in order to obtain the alkaloid required in a pure 
condition. There are some drugs whose properties preclude the application of 
this simple procedure and for these special methods must be used. A useful 
method of preparing the hydrochloride of an alkaloid is to dissolve the base in an 
anhydrous solvent such as acetone and to pass dry hydrogen chloride into the 
solution; the hydrochloride is precipitated and, after washing with a solvent, is 
comparatively pure. 

Alkaloids are mostly easily crystallisable from organic solvents; their salts are 
usually crystallisable from water or alcohol and are only slightly soluble in other 
organic solvents. 

Chromatography and ion exchange have both been widely used for the 
separation of alkaloids from mixtures and from crude drugs (2). 

Most alkaloids are optically active. They yield characteristic waves when 
examined polarographically (1). A few are reduced at the dropping mercury 
electrode and the usual polarographic technique can be used for their deter¬ 
mination, but the majority are not reducible but yield characteristic catalytic 
waves that are subject to great variation with changing conditions. 

Alkaloids often form insoluble compounds with certain reagents, particularly 
with metallic salts with which insoluble double salts are formed. These com¬ 
pounds often have a characteristic crystalline form under the microscope and 
provide a useful method for the detection of small amounts of alkaloids. Some of 
these insoluble derivatives are sufficiently constant in composition to be used for 
their determination. 

The more important reagents for the detection or precipitation of alkaloids are 
as follows. 

Potassium mercuric iodide. (Mayer’s reagent.) Yellowish-white, usually 
amorphous, precipitates are formed at high dilutions with slightly acid solutions 
of nearly all alkaloids. The purine derivatives are exceptions; many non- 
alkaloidal bases also form precipitates with this reagent. 

Bismuth potassium iodide. (Dragendorff’s or Kraut’s reagent.) Red or 
orange precipitates, sometimes crystalline, are formed. This reagent is useful 
for the detection of theobromine, narceine and coniine by the microscopic form 
of the crystals. 
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Characteristic crystals 


are 


Cadmium potassium iodide. (Marines reagent.) 
formed with morphine and codeine. 

Iodine in potassium iodide solution. (Wagner’s reagent.) 13rown precipi¬ 
tates are given with the majority of alkaloids except the caffeine group. Homa- 
tropine, hyoscyamine, berberine and atropine may be identified fc»y their crystal¬ 
line form. 

Picric acid is a particularly valuable reagent for detecting and for determining 
the purity of alkaloids. Nearly all the alkaloidal picrates are almost insoluble in 
water, only slightly soluble in alcohol, but mostly easily soluble in acetone. The 
picrates crystallise in characteristic forms and have definite melting-points (3). 

Styphnic acid (2 : 4 : 6-trinitroresorcinol) forms crystalline salts -with many 
alkaloids (4). 

Auric chloride produces orange or yellow precipitates of the aurichlorides, 
which are often crystalline and have a characteristic melting-point. The auri- 
chlorides of the alkaloids of the solanaceous group are especially valuable as a 
means of identification. Cocaine, strychnine, caffeine, quinidine, apomorphine, 
nicotine and sparteine give precipitates of individual crystalli ne form. 

Platinic chloride is generally applicable as a precipitant except an. 
cases, notably atropine, whose platinichloride has a marked solubility, 
reagent is useful for the identification of pilocarpine, brucine and cincnom 

Picrolonic acid forms crystalline precipitates of definite melting-po» nt Wl 
many alkaloids. 

Potassium permanganate forms crystalline precipitates with 


a few 
This 


cocaine anci 


hydrastinine. 

The hydroferrocyanides and hydroferricyanides of many 
line and identifiable under the microscope (5). 

The molybdophosphates, tungstophosphates and tungstosilic:eztes 
usually insoluble compounds. 


are 


crystal. 


alkaloids 

,f alkaloids a r ^ 


Colour tests. Some alkaloids may be identified by colour 


few of thejj. 


. . . tCS HescCihed are oaf, 

are very sensitive and characteristic, but many that have been 


applicable to the pure alkaloid. . hona alkaloi^ 

Most alkaloids can be titrated with acids; exceptions are the C1 ?? . - in cru^ * 

which do not give a sharp end-point. The determination of a rxic solvent 
drugs usually depends on the extraction of the drug with an org acid 

the presence of an alkali, the transference of the alkaloid to a< l tbe so/ve^^ 

back into an organic solvent after making alkaline. After e vap° ra ^j w jth ^ 

the alkaloid is dissolved in standard acid and the excess tlt ^ c0tjr se, the t oj^ * 
When more than one alkaloid is present such a method gives, ° ■ van tag e must ^ 
alkaloids. When it is necessary to determine a single alkaloid* a alkaloids 
taken of some difference in a chemical or physical property or t ^ eeri used 
be separated by chromatography. Paper electrophoresis has alS ° 
the separation of alkaloids. 
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CHAPTER II 


Opium Alkaloids 


Opium is the inspissated juice or latex from the unripe capsules 
poppy, Papaver sommferum. It is produced chiefly in Asia ^ 
Eastern Europe, Persia, India and China. Medicinal opium is pn 
entirely in Asia Minor and is known as Turkey or Smyrna oj 
alkaloids are manufactured commercially from Indian or Persian o 
contains numerous alkaloids and these have been extensively stu 
the ready availability of residues from the manufacture of; morpH 
owing to the restrictions on the sale of morphine, the man ufacti 
has exceeded that of morphine. The following twenty-three alkaloi' 
important of those isolated. 


Alkaloid 

Formula 

Discovered 

by 

— 

Morphine 

C l7 H lt O.N 

SertOmer 

1816 

1817 

1832 

Narcotine 

c„h m o 7 n 

Robiquet 

Codeine 

Cx.H^O.N 

Robiquet 

Narceine 

C M H i7 O t N 

Pelletier 


Thebaine 

C w H, l O t N 

Thiboumery 

1835 
1848 
^ ^ 

Pseudomorphine 

. (C 17 H l .O.N) # 

Pelletier 

Papaverine 

C«*HtiO*N 

Merck 

Cryptopine 

C tl H„O.N 

Smiles 

\ 867 
1870 
t 870 

'i «70 

Rhoeadine 

C tl H >l O,N 

Hesse 

Lanthopine 

c„h m o 4 n 

Hesse 

Meconidine 

ChH,,0 4 N 

Hesse 

Codamine 

c„h„o 4 n 

Hesse 

x «70 

Laudanine 

C|*H m 0 4 N 

Hesse 

1871 

1 «7l 

Laudanosine 

C 4 iH I7 0 4 N 

Hesse 

Hydrocotamine 

c 1i h 14 o,n 

Hesse 

1 «7o 

Oxynarcotine 

C||HuO|N 

Beckett and 

Wright 

1878 

Protopine 

Ct*Hi»O t N 

Hesse 

1893 

Xanthaline 

C>*H M O t N 

T. & H. Smith 

1903 

1 o05 

Papaveramine 

CijHijOiN 

Hesse 

Aporeine 

CuHuOgN 

Pavesi 

1919 

Neopine 

Ci 4 H tl 0 4 N 

T. & H. Smith 

Porphyroxine 

CnH tl 0 4 N 

Rakshit 

1937^ 

Narcotoline 

c„h 4X o 7 n 

Wrede 
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Among other alkaloids that have been described as being present in opium 
gnoscopine has been found to be (i) narcotine while tritopine and laudanidine 
are (—) laudanine. Pseudopapaverine is identical with papaverine. 

The published figures for the percentages of different alkaloids given in the 
table are only approximate except those for morphine, as the amounts vary 
widely in different specimens of opium and the methods of their determination 
have not been, hitherto, very reliable except for a few of the more common 
constituents. 

Opium alkaloids occur in the drug chiefly in the form of meconates and 
sulphates. Indian opium contains less morphine than the Turkish product, but 
the morphine content has been raised appreciably by improved methods of 
collection. 

Opium alkaloids may be grouped according to their structure as follows, 
(i) Tetrahydroisoquinoline derivatives : hydrocotamine. (ii) Benzylisoquinoline 
derivatives : papaverine, xanthaline, codamine, laudanine, laudanosine, narcotine, 
oxynarcotine, narceine and narcotoline. (iii) Di-isoquinoline derivatives : protopine 
and cryptopine, (iv) Morphine sub-group : morphine, codeine, neopine, pseudo¬ 
morphine, thebaine and porphyroxine. 

Separation of Opium Alkaloids. Water extracts most of the alkaloids from 
opium but much of the morphine and narcotine remains undissolved. Acids 
extract all the alkaloids but also much resin-like material. Amyl alcohol on 
continued extraction extracts all the alkaloids. Other organic solvents such as 
benzene remove narcotine and some other alkaloids but leave morphine un¬ 
dissolved. Strong alkalis remove morphine, codeine and narceine but not other 
alkaloids. Codeine is dissolved by ammonia solution but not morphine. 

In the determination of morphine in opium the extraction is carried out with 
lime-water which dissolves the morphine and some of the codeine but leaves 
most of the other alkaloids undissolved. The meconic acid is precipitated as 
calcium meconate. The addition of ammonium chloride reduces the pH to 
about 9 which causes the morphine to be precipitated; shaking with ether 
extracts codeine and other alkaloids and the morphine crystallises in an almost 
pure condition. 

Narcotine, papaverine and narceine are very weak bases; the first two are 
readily extracted from acid solutions by chloroform and are precipitated by the 
addition of sodium acetate to solutions of their salts. Narceine, on account of 
its solubility in water, is difficult to separate, but after removal of the other 
alkaloids it may be precipitated as picrate which may be converted to the 
hydrochloride. 

In a method that is stated to have been in use in a German factory (1), raw opium 
is extracted in the cold with 2 to 3 volumes of methylene chloride which removes 
papaverine, narcotine and gum. The residue, after removal of the methylene 
chloride, is agitated with water and milled with ten volumes of lime-water at a 
temperature below 20°. The residue is extracted with sulphuric acid to remove 
residual morphine, the solution is concentrated and added to the batch later. 
The lime-water extract contains morphine, codeine and thebaine and is extracted 
several times with benzene to remove codeine and thebaine and neutralised to 
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pH 8-0. The crude morphine is thus precipitated and is filtrer-ed ; the filtrate^® 

evaporated in vacuo and extracted with amyl alcohol, yielding more cn* 
morphine. The combined crude morphine is dissolved in dilute lrxydrochlo*'*^ 
acid and filtered through charcoal. Alcohol is added to the filtrate which 
neutralised with ammonia when the morphine precipitates- '1'he morphine 
dissolved in dilute hydrochloric acid to give a saturated solution and , on cooling » 
morphine hydrochloride crystallises and is recrystallised. 

The first two methylene chloride extracts obtained in the original extraction o* 
the opium are combined and evaporated; the papaverine and narcotine are 
extracted from the residue with hot dilute hydrochloric add- The solution is 
treated with charcoal and filtered; the filtrate is neutralised with ammonia arx<3 
the precipitate is filtered off. From this residue the papaverine is extracted with 
hot alcohol, precipitated as acid oxalate and purified by recrystallisation. 

crude narcotine in the residue from the alcohol extraction is similarly purified... 

The benzene extracts obtained earlier are evaporated and the residue treaty 
with hot alcohol, cooled and filtered. The filtrate is treated with sulphuric aci^ 
which precipitates codeine sulphate which is filtered off. The filtrate is treat^^ 
with tartaric acid which precipitates thebaine acid tartrate- 
Methods for the separation of opium alkaloids have fc»ee n published h* 
Merck (2), Hesse (3), Plugge (4), and others. Manufacturings rn.eth.ods havebe^^ 
described by Schwyzer (5), Barbier (6), Chemnitius (7), B usse and Busse ^ 
and by Dott (9). A method of separation by chromatography has fc»een describ^^ 
by Borke and Kirch (10). ^3 

Morphine. C 17 H 1# 0 3 N. Morphine is the most important alkaloid of 
it is also the most abundant, from 7 to 15 per cent being present, according to u X 
source of the drug. It still has a considerable use in medicine though it has ^ 
some extent been replaced by synthetic compounds. The restrictions on 
owing to the operation of the Dangerous Drugs Act have also had au effect 
this direction. Morphine exerts a depressing action on the central nerv 0 
system; the depression affects the brain, especially the sense of 
respiration; it is habit-forming and its prolonged use may lead to a "n j** 

Morphine was the first alkaloid to be isolated from opium- SCgl the *(ir^ 
probably obtained it in a fairly pure condition, but Serturner ^817 ^ 1: 

publish a description of it and to recognise it as a‘vegetable alkali IT1 j- c an ‘^ 

Morphine contains two hydroxyl groups, « of which .no 

other is a secondary alcohol group. Morphine therefore forms a exces ^X ^ 

pound, diamorphine, and because of the phenolic group is solub ^ 

alkali, a property which distinguishes it from most other alkaloms. .. rene der°**\iX 
g.roup can be methylated forming codeine. Morphine is a phenan ^ but 
tive; its constitution was the subject of controversy for rnany y accep ted 
formula proposed by Gulland and Robinson in 1923 (XIX) is r *° 
has been confirmed by synthesis. eC j jyf. q 

Synthesis. The starting-point of the synthesis finally anOO u n c ® benzoylau*^ 
d G. Tschudi (11) was 2 : 6-dihydroxynaohthalene <T) v '’ r ^ llC j c ji s ecl with 


'■'j 'omi wig-putiii ui uic aynmesis nnaiiy ** 
and G. Tschudi (11) was 2 : 6-dihydroxynaphthalene (I) 
and nitrosation gave (II) which was reduced and then 
to form 6-benzoyloxy-l : 2-naphthoquinone (III). This 


was 


reduced to ^ ^ 
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hydroquinone, methylated with dimethyl sulphate and the benzoyloxy group 
hydrolysed to form 5 :6-dimethoxy-2-naphthol (IV). 



IV V 


O O 



o 

li 



This compound is then treated as in steps II and III to give 5 : 6-dimethoxy- 
1:2-naphthoquinone (V), which with ethyl cyanoacetate gives VI. Claisen’s 
alkali treatment gives VII which then condenses with butadiene to form 
3 :4-dimethoxy-9 : 10-dioxo-13-cyanomethyl-5 : 8: 9 :10:13 : 14-hexahydro- 
phenanthrene (VIII). Hydrogenation gives the ketolactam (IX) which on 
reduction and remethylation yields the lactam (X); reduction with LiAlH 4 
followed by methylation with formaldehyde - formic acid gives (±)-^-^*- 
dihydroxydeoxycodeine methyl ether (XI). This was resolved, the (+) form 
being identical with the substance obtained from natural sources. On hydration 
with dilute sulphuric acid this yields 0-dihydrothebainol methyl ether (XII, 
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R=Me) which, on vigorous treatment with potassium hydroxide in diethylcne 
glycol yields ^-dihydrothebainol (XII, R=H); oxidation, with the potassium 
tert.-butoxide - benzophenone system gives /?-dihydrothel»«inc>ne (X.III)-_ On 
bromination with two moles of bromine followed by treatment: with "2. z 4 dimtro- 
phenylhydrazine a dinitrophenylhydrazone (XIV) is formed identical -with that 
obtained from thebainone (XV). That this remarkable reaction ^ >af t procuc 
epimerisation at C 14 (trans-tcis fusion of rings II and III) i» olesnanly aaown^y 
cleavage of the dinitrophenylhydrazone with acetone and ncid to pro u 
1 -bromothebainone, which was reduced to dihydrothebainoms 


0 



X-ray crystallography indicates that (—) morphine has the ^ 

(XX) or its mirror image (12) and a consideration of molectuAr on 
differences establishes that (XX) represents the stereochemical stru ctor e 
natural alkaloids (13). ,, ~ . 

An alternative synthesis of (—) dihydrothebainone has been pub lishcd y 
and Ginsburg (14). 

Preparation of morphine. Morphine is usually prepared from opium by ea - - 
ment with calcium chloride solution when the alkaloids are extracted ** 80 u c 
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D> 

XVI 



XIX 




hydrochlorides while meconic acid and other compounds are precipitated as 
insoluble calcium salts. The solution of the hydrochlorides is evaporated to a 
low volume in vacuo , care being taken to prevent oxidation, for which purpose 
sodium sulphite is added. Narcotine and papaverine may be removed from this 
liquor by the addition of sodium acetate but care must be taken that the liquid 
does not become alkaline or morphine will be precipitated. Crude morphine is 
precipitated from the filtrate by the addition of a carefully adjusted amount of 
alkali and filtered off. The crude morphine is neutralised with hydrochloric acid 
and dissolved in boiling water. On cooling under protection from oxidation 
morphine hydrochloride crystallises out. Morphine may be regenerated from 
the hydrochloride by the addition of ammonia to the solution or the hydro¬ 
chloride may be recrystallised from water. Morphine may be freed from codeine 
by washing with benzene or ether in which the latter is soluble, but in which 
morphine is practically insoluble. 

A considerable amount of morphine is prepared from the whole poppy 
capsules which contain from 0*2 to 0-4 per cent of morphine. The capsules are, 
powdered and thoroughly extracted by percolation with water; the aqueous 
extract is concentrated to about one-twentieth of its volume and extracted with 
methylene chloride, from which the alkaloids are extracted with dilute sulphuric 
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crude morphine 


acid; the acid extract is brought to pH 9 with ammonia and 
which precipitates is purified in the usual way. 

Properties. Morphine crystallises in white needle-slxa.d crystals with one 
molecule of water of crystallisation, which it loses on heating to \ 20°. M.p. 
230° (dec.). The solubility at 20° in water is about 0-015 g per lOO ml and 
in 95 per cent ethanol 0*4 g per 100 ml. Morphine is only slightly soluble in 
ether, chloroform, benzene or acetone, but rather more soluble in amyl alcohol 
and much more soluble in benzyl alcohol (21*8 g per lOO m.1 at 20°); it also 
dissolves in a mixture of two volumes of chloroform, and one volume of dehy¬ 
drated ethanol (2-3 g per 100 ml), by which it may be extracted from aqueous 
solutions made alkaline with ammonia. Morphine is precipitated from solution 
on the addition of alkali , reaching its maximum insolubility at pH 9; as the pH 
increases beyond this point the alkaloid redissolves owing to tlie presence of a. 
phenolic hydroxyl group. 

Colour tests. When a crystal of morphine is dissolved in strong rutnc aci ar-^ 
orange-red colour is formed; it also gives a greenish-blue colour w en errt^st 
chloride solution is added to a neutral solution and a deep blue 
dilute solution of potassium ferricyanide containing a trace ferrac 

iodic acid is reduced with liberation of iodine, the colour being h^^rochlori' 
excess of ammonia. When to a dilute solution of morphine in dilute ammoni 
add is added a small quantity of sodium nitrite followed by an CXC ^^ n g a trace ^ 
a red colour is produced (Radulescu’s test). Sulphuric acid contai 
formaldehyde gives a reddish-violet coloration. _ slight solubil^ 

Morphine is distinguished from nearly all other alkaloids by lts but micr-_- 

in organic solvents; the usual reagents give no characteristic: c ^^j orr j potaasii*^^ 
scopic crystals of characteristic form appear on adding 03 
iodide solution (Marml’s reagent). 




SALTS OF MORPHINE 




Morphine hydrochloride, C„H 11 0,N.Ha.3H 1 O, a bir , e ; it i® 
powder containing from 75 to 76 per cent of anhydrous n» or P 
in water (1 g in 25 ml): in ethanol (1 g in 50 ml). ^vbi 

Morphine sulphate, (C 17 H 1 ,0,N) 1 .H,S0 4 .5H 1 0, forrtt»^ ^ 0 rpbine* 
crystals or cubical masses. It contains 75 per cent of anhyd*' c> 

soluble in water (1 g in 24 ml): slightly soluble in ethanol. ^fflc>re9 cent ^ 

Morphine tartrate, (C 17 H 1# O t N) l .C 4 H,0,.3H 1 O f is ® \ gits 11*^ 

ntaining 73 to 74*5 per cent of morphine. It is soluble in 


containing 73 to 74*5 per cent of morphine 
and slightly soluble in ethanol. 


MORPHINE DERIVATIVES _ in co ^ 

Diamorphine. Diacetylmorphine. This derivative is prepare^ 

merce as the hydrochloride, C 17 H 17 NO,(COCH,) i .HCl. I* 
by heating morphine with acetic anhydride to 85° for 6 h olir f’ jfjdc 3X1 
hydroxyl groups become acetylated. The excess of acetic an^f 

acetic acid are distilled off in vacuo ; the residue is dissolved* 
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the crude base precipitated with ammonia. This is decolorised with charcoal, 
recrystallised from ethanol and converted to the hydrochloride by passing dry 
hydrochloric acid gas into an acetone solution. The base melts at 171° and the 
hydrochloride at 231° to 233°. Owing to the widespread use of diamorphine by 
drug addicts its manufacture and sale are prohibited in many countries. 

Ethylmorphine, C 19 H aa O a N, is prepared by the action of ethyl iodide or 
other ethylating agent on morphine. Its structure is that of codeine except that 
it contains an ethoxy group in place of the methoxy group in the latter. It 
resembles codeine in its physiological action. The hydrochloride, C 19 H I4 O a NCl. 
2H a O, melts at 123°. 

Apomorphine, C 1T H 17 O s N, is prepared from morphine by removing the 
elements of water by heating in a sealed tube to 140° to 150° with 25 per cent 
hydrochloric acid. After cooling, the solution is neutralised with sodium 
bicarbonate and extracted with ether, benzene or chloroform. The separated 
base is then combined with hydrochloride acid to form the hydrochloride. 
Precautions are taken to avoid oxidation in the process. The hydrochloride is a 
greyish-white powder, becoming green on exposure to air; it is soluble in water 
(1*4 g in 100 ml) or in ethanol (2 g in 100 ml). 

Apomorphine contains two hydroxyl groups and a tertiary nitrogen atom and 
has the constitution XXI. It has a similar pharmacological action to morphine, 
but is chiefly used for producing emesis on account of its stimulating action on 
the medulla. 
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XXIII 



Dihydromorphinone, C 17 H 19 NO a , (XXIII), is stated not to be so liable to 
cause addiction as morphine. 

Preparation. It has been claimed that the oxidation of the secondary alcohol 
group of morphine and codeine together with the reduction of the 7 : 8 double 
bond can be accomplished by heating the alkaloids in ethanolic solution with 
noble metal catalysts (15). A better method appears to be that introduced by 
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Rapoport (16), in which morphine is first converted to dihydromorpliine (XXII) 
by hydrogenation and this is then oxidised by the Oppermuex* technique -with 
potassium tertiary butoxide as catalyst and benzophenoxxe as oxidant when 
dihydromorphinone is formed. 

Dihydromorphinone melts at 266° to 267° and has -1 94 ° (in dioxan). 

It is used as the hydrochloride (B .HC1). 

Dihydrocodeinone is prepared from codeine by a similar method. Alterna¬ 
tively thebaine can be converted to dihydrothebaine (XX.I'V) which, on hydro¬ 
lysis, yields dihydrocodeinone (XXV) (17). The base melts ait 1 97° to 198°, the 

oxime at 264° to 265°, the methiodide at 253° to 255°. The is -2.08-2°. 

Dihydrocodeinone hydrochloride melts at 125° (dec.) and its dihydrate at 82°. 
The add tartrate (m.p. 146° to 148°) crystallises with 2^H a O; it is also used 
in medidne as an antitussive. 


NMe 


MeO 



MeO 



XXV 


XXVI 



Methyldihydromorphinone. C ia H n 0 s N. (XXVII). 

Preparation . This compound is one of a large number prepared l*y ^ ^ 

his assodates (18) during thdr search for a non-addicting analgcs ic f 01 ^ , * 
to morphine. They found that when a substance such as dxhy to 
(XXIV) which has a double bond in the 6 : 7 position i® ^^broken ^ 
large excess of methyl magnesium iodide the 4 : 5 oxide lirxlt xs 
5-methvldihvdro-thebainone fXXVIl together with some of tlxe e k" 



derivative which, on reaction with alkali, gives l-bronri Q '~- > ~ 1 * x -V 
codeinone; thus the oxide link has been rebuilt. The 1 -bromo 
removed by catalytic hydrogenation and then the 3-methoxy j ^ 


with hydrobromic acid to give 5-methyldihydromorphinone ^ 

methods have been published by other workers (19). ^0-7° (eth a 

Properties. The base melts at 243° to 245° and has 1 o4--8° A* 

The hydrochloride melts at 315° to 318° (dec.) and has [*] r> 

It is very soluble in water and sparingly soluble in ethanol. ^ X 

Nalorphine. N-allylnormorphine. C ll H 11 0,N. (XXIX-)- ^ the N-r*^ 

Preparation. When morphine reacts with cyanogen brorrn hvdrock^V\ 

group is replaced by -CN which can be removed by the action m | < j c 
acid forming normorphine (XXVIII). Alkylation with ally 
pressure leads to nalorphine (XXIX) (20). . in chloro^ 

Properties. Nalorphine melts at 208° to 209°. It is soloo j t f 8 

Anri sJ«1«i+a mIWaI! knf <h\« *< a/\111 lvl a in a ♦Via** rtf* . * rtn _ ^ m 

narootics 


ethanol and dilute alkali, but sparingly soluble in ether or 
the hydrochloride or hydrobromide as an antagonist to 
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morphine, pethidine or amidone. The hydrochloride is soluble in water and in 
ethanol. The hydrobromide melts at 258° to 259°. Diacetylnalorphine is also 
used. It is obtained by the action of acetic anhydride on nalorphine; it forms a 
hemihydrate (m.p. 148° to 155°). 

Pholcodine. Morpholinoethylmorphine. C ia Hj 0 N t O 4 .H 1 O. (XXX). 

Pholcodine was introduced in France in 1950 as an antitussive agent. 

Preparation. Sodium morphinate is prepared by the addition of morphine to 
a hot solution of sodium ethoxide in ethanol and to this solution is added an 
ethanolic solution of morpholinoethyl chloride. The precipitated sodium 
chloride is filtered off and the ethanol is distilled under reduced pressure. The 
residue of crude pholcodine is dissolved in hot water in the presence of activated 
charcoal, filtered and cooled. The slow addition of aqueous sodium hydroxide 
causes precipitation of pholcodine (XXX) (20a). 

Properties. Pholcodine is a white microcrystalline powder which melts at 98°; 
[<x] D —94*5° (2 per cent in ethanol). It is soluble in water (1 in 54 at 20°) and in 
boiling water (1 in 8*5), in benzene (1 in 18), and in ether (1 in 180); it is readily 
soluble in acetone, ethanol and chloroform. Spot tests have been described by 
Cooper (20b). The tartrate, C 18 H3 0 O 4 Nj.(C 4 H e O e ) a ,3H t O, is a white crystalline 
powder, soluble in water (1 in 8 at 20°), but less soluble in ethanol and only 
sparingly soluble in chloroform or ether. It has (a] D —33° (c=l in H s O). 



XXX 


For other compounds related to morphine see Part I, Chapter III. 

MeO MeO 



XXVIII R=H 

XXIX R=-CH 1 CH:CH 1 




Codeine. C 18 H n O s N.H s O. (XXXI). Codeine is methyl morphine and differs 
from morphine in containing a methoxy group in place of the phenolic hydroxy 
group. Direct alkylation of morphine with methyl iodide or similar alkylating 
agents converts the tertiary nitrogen atom to the pentavalent condition where¬ 
upon the ring system is liable to be destroyed. The use of a quaternary methy¬ 
lating agent such as phenyltrimethylammonium chloride prevents this loss and 
gives high yields of codeine. The reaction is carried out at 60 lb pressure in an 
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:action tlie ethanol at* 
with benzene and 

hydroxide solutio*** 

the codeine is then extracted as the sulphate with dilute » u ^P^ lur ‘ c ac ^ 111 

purified by crystallisation. , , _ 

It xxxsay he extractedfroK* 

ie or chloro- 


ethanolic solution of sodium ethylate; at the end of the r« 
dimethylaniline are distilled off, the codeine is extracted 
converted morphine is removed by washing with sodium 


From 0-1 to 3 per cent of codeine is found in opium, 
the filtrate from the precipitated morphine by means of tolu 
form, converted to the sulphate and purified by recrystallisation- 
Codeine occurs in colourless crystals melting at 155°; it *■ 
water (0-9 g in 100 ml), more soluble in toluene (5*8 w/v) 

(53 w/v), 90 per cent ethanol (28-5 w/v) and in ether (2-6» w/v)- 
phenolic properties like morphine and does not reduo 
strongly basic, the most important salts being the hydro *.“ 


lightly soluble in 
jn chloroform 
Codeine baa no 
ff-rric chloride. It is 
B.HC.2HA 


soluble in water (3*5 w/v), [a]“' 5 —108*2° (water); the phosphat 
2H,0, soluble in water (28-5 w/v), and the sulphate, B, - - _ _ 

in water (2-5 w/v), [a]n —101’2° (water). Codeine picratc 
197°, On warming a crystal of codeine with sulphuric acid contai 

ferric chloride a characteristic blue colour is formed. % ) to heart 

Neopine. C 18 H„0,N. (XXXII). This alkaloid has been g ; 14 instead 


H a PO*. 

.<3, soluble 
at 196° to 
trace of 


isomer of codeine, from which it differs in having a double bond 
of at 7 : 8. It melts at 127° and is optically inactive. It is not n»c _ __ 

Thebaine. C lt H 11 0 3 N. (XXXIII). This alkaloid occurs in 
varying from 0-1 to 1 per cent. It is precipitated with other _ 


from the solution of mixed opium alkaloids after the removal 
codeine. After pecipitation of the papaverine and narcotine th© 




m cdicine. 
in amount^ 
by alkalj 
rphine an«d 
can 


MeO 




XXXIII 


CH,; 


MeO OH 

'OA^NMt 


XXXV 

separated by crystallisation as the arid tartrate. Thebaine is 


cI „»ciy 

£ codciflOle 

morphine and codeine, being a methyl ether of the enolic form ° iterate - ' 
Thebaine melts at 193° and has [oejo —218-6“ (ethanol), "f . *^j[ e /q 
at 189“ to 191°. The salicylate and acid tartrate are only slightly A 

Thebaine is not used in medicine. 

Narcotine. C„H„0,N. (XXXIV). Apart from morphine r%SU ^ y i n ^ 
most abundant alkaloid in opium, in which it occurs in amount 9 V 

but form® 

V 


'Oi\* . 


1 to 9 per cent; it has little pharmacological action, 
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medicinal value. Narcotine and papaverine are separated from the alkaloidal 
mother liquors after the separation of morphine and codeine, by the addition of 
sodium acetate. The mixture of alkaloids is dissolved in dilute acid and the 
papaverine removed by precipitation as acid oxalate in ethanolic solution or as 
ferricyanide. The narcotine may then be precipitated by ammonia and re¬ 
crystallised from ethanol. 

Narcotine occurs in prismatic crystals melting at 176°; the picrate melts at 
174°. It is a very weak base and may be extracted from acid solutions with 
chloroform. Narcotine is racemised in boiling acetic acid to (±) narcotine which 
was formerly known as gnoscopine. By the action of dilute nitric acid on narco¬ 
tine cotamine (XXXV) is formed together with opianic add (XXXVI). 

Cotarnine in the form of the chloride or phthalate was formerly used as 
a styptic but its value is doubtful. 

Narceine. C t ,H 27 0 8 N. H,0. (XXXVII). Narceine is dosely related to 
narcotine whose methylchloride is converted to narceine by treatment with 
sodium hydroxide. About 0*2 per cent is present in opium. It is a feeble base 
and is not extracted by organic solvents from alkaline solutions. The base melts 
at 170° to 171° and the picrate at 195°. It is not used in medidne. 


CHO 

HOOc/\ 

MeO\/ 

MeO 

XXXVI 


OMe COOH 

_ o/\ -CH, -CO— Aom« 

‘"°V\ V/OMe 

CH,CH,NMc, 

XXXVII 


PI-T 

MeO/V^F 

MeO 

XXXVIII 

Papaverine. C 10 H fl O 4 N. (XXXVIII). About 0*8 per cent of papaverine 
occurs in opium. It is separated together with narcotine after the removal of 
morphine and codeine by the addition of sodium acetate to the solution. Papa¬ 
verine may be separated from narcotine by predpitation as the acid oxalate in 
ethanolic solution or as the ferricyanide. 

Papaverine was originally synthesised by Pictet and Gams (22). o-Dimethoxy- 
benzene (veratrole) was treated with acetyl chloride in the presence of aluminium 
chloride to form 4: 5-dimethoxy-acetophenone, the oximino derivative of which, 
on reduction, gave aminoacetylveratrole (XXXIX); the latter was condensed 
with homoveratroyl chloride (XL) to form homoveratroylaminoacetylveratrole 
(XLI) which, after reduction of one carbonyl group, was boiled with phosphoric 
add in xylene solution when it lost two molecules of water and underwent ring- 
dosure with the formation of papaverine (XXXVIII). 

Several other syntheses of papaverine have since been published, e.g. that of 
Spath and Berger (23), but the most interesting is that of Arndt and Eistert (24) 
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COC1 


CH, 



XXXIX 



CH 


^}oMe 

OlVTc 

- t j!e cliazo- 

in which veratroyl chloride is treated with diazomethane forr^ 11 ^.|^yjbenzene 
ketone (XLII); this is condensed with 1 : 2-dimethoxy— 1ailUn - s converted 
(XLIII) to produce the compound (XLIV) which by loss of 

to papaverine (XXXVIII). , fl a rose-red 

Papaverine melts at 147° and is optically inactive. It slowly gives 

colour with sulphuric acid containing a trace of formalat 210 
insoluble lemon-yellow ferricyanide. The hydrochloride, 13 - 1 * ' ana lgesic and 

to 211° and the picrate at 181° to 183°. Papaverine is £or i ts anti¬ 

narcotic and has a relaxing action on smooth muscle; it is valoa 
spasmodic activity. 


an 

o 


CO—CHN, 





Laudanosine 

Laudanine 

Pseudolaudanine 

Codamine 


Ri=R s =R 3 =R 4 =Me 
R 1 =R 1 =R 4 =Me, R,== 1^ 
R 1= H, R,= Rj=R 4 = IVl^ 
R i =R,=R 4 =Me, R,== ^ 


laudanosine, Laudanine, Pseudolaudanine and 
alkaloids are all closely related to papaverine; their structure ,s 
XLV. They are not used in medicine. 








rjphcse 

a by 
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Cryptopine, C ai H M 0 5 N, and Protopine, C 20 H 18 O 6 N, are two closely 
related alkaloids that are of interest on account of their relationship to berberine 
and the chelidonium alkaloids. Their constitution is represented by XLVI 
and XLVII respectively. 


MeO 

MeO 



XLVI 


CH, 



XLVII 


These alkaloids have been synthesised (25); they are not used in medicine. 
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CHAPTER III 


Strychnos Alkaloids 


The two most important alkaloids occurring in Strychnos species are 'time closely 
related compounds strychnine and brucine, the former being the only one of 
importance in medicine. The following are the chief alkaloids! constituents of 
various Strychnos species: 


S. nux-vomica 
S. Ignatti 
S. Tieute 
S. ligustrina 
S. Rheedei 
S. aculeata 
S. Henningsii 
S. toxifcra 
S. Castelnaei 

% 


Strychnine and brucine. 

Strychnine and brucine. 

Strychnine and a little brucine. 
Brucine. 

Brucine. 

Brucine. 

A bitter alkaloid. 

Curarines, toxiferines, etc. 
Curarines, toxiferines. etc. 


The curarising alkaloids from Strychnos spp. are not of any importance 
medicine (see Chapter VIII). 


in 


The alkaloids vomicine (1), C lt H 14 0 4 Ng, a- and /S-colubri n e, C aa H a4 OgN„ 


andy>-strychnine (2), C tl H M 6 f N t or Cg^j^aNj, have been isolated from the 
strychnine mother liquors. Novacine, C 14 H lg O s N t , occurring in S. txmax- vomica 
is N-methyl-rcc.-y^brucine (3). 

Nut Vomica. The seeds of Strychnos nux-vomica grow in the East I n 
and contain about 2 or 3 per cent of total alkaloids, of which rather leas than 
is strychnine, the remainder being mostly brucine. . 

Ignatius Beans (S. Lgnatii) are also obtained from the East In ies * 

contain a similar percentage of total alkaloids, but the proportion of stryc ru 

may be as high as two-thirds of the total. „ lletier 

Strychnine, C^HjgOfNg. Strychnine was discovered in 181V l>y e 
and Caventou. - - see ds 

Manufacture. Strychnine is extracted from S. nux-vomica or S. a p aSte 

by grinding them after treatment with steam or hot water, rnakmg rn 



Strychnine R ^ 


Brucine 


P. = MeO 


I 
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brucine 


hydroxide; treatment of this with dilute ethanol extracts most of the brucine 
leaving the strychnine undissolved. 

Synthesis. Strychnine has been for many years the object of intensive study 
and controversy and it is only recently that the constitution Has fc»een established 
as (I). The total synthesis has been achieved by Woodward and His colleagues 
in the following steps (4). 

2-VeratrylindoIe (III, R=H) is prepared from acetveratrone (II) by con¬ 
densation with phenylhydrazine in the presence of polypHosphoric acid and 
thence converted by formaldehyde and dimethylamine to the g-ramine (III, 
R=CH a NMe a ) from which the methiodide (III, R= GHaT'NFJ^'Ie 3 I) is formed; 
this with sodium cyanide in dimethylformamide gives the nitrile (III, 
R=CH a CN). Reduction of the nitrile with lithium aluminium Hydride gave 
2-veratryltryptamine (III, R=CH a CH 2 NH 2 ) which witH ethyl glyoxalate in 
benzene gave the Schiff base (III, R=CH,CH,N=CHCOOEt). Th is com¬ 

pound was transformed directly by toluenesulphonyl chloride and pyridine into 
the indolenine (IV). Reduction of IV with sodium borohydride gave the 
indoline (V, R=H) which was converted to the N-acetyl derivative (V - , R — 
CH a CO) and ozonised to give the muconic ester (VI)- 'Treatment with 
methanolic hydrogen chloride gave the pyridone (VII, R=Et, R'^= SOJ) 

(T=—C # H 4 CH a ). Rings A, B and E of the strychnine skeleton are now 
complete. 

Vigorous hydrolysis with hydriodic acid and red phosphorus, re-esterification 
with methanolic hydrochloric acid and acetylation resulted in VII, (R —Ale, 

R' = CH a CO) which was converted by methanolic sodium methoxidc to the 
enol-ester (VIII, R=OH), whose tosylate (VIII, R=OSO a T) gave witb sodium 
benzylmercaptide the thiobenzyl ether (VIII, R = SCH B ) - Desulphurisa- 

tion by Raney nickel produced the unsaturated ester (VIII, R = H) -which was 
reduced by hydrogen in the presence of palladium - charcoal to the ds ester ( - h 
hydrolysed with alkali to form the racemic tram acid (X) which -was reso vet y 
way of the quinidine salt. The (—) acid was identical with a compound o tame 
by oxidation of dehydrostrychninone. 

When the acid (X) was heated with acetic anhydride in pyridine it xv 
verted to the enol acetate (XI), which, on vigorous hydrolysis produce an ^ ) . 1 ^ 
mixture of stereoisomeric methyl ketones (XII). From these, by oxx at ^j t ^i t i on 
selenium dioxide in ethanol dehydrostrychninone (XIII) was obtai ne I) which 
of sodium acetylide formed the tertiary carbinol (XIV, R= ^ V»"nc»l (XIV, 
was hydrogenated over the Lindlar catalyst to the vinyl c J* r . crave the 

R= — CH=CH 2 ). Reduction of this by lithium aluminium hy ri ^ cet ic acid 
carbinol (XV) which, when treated with hydrobromic fltJchninc (XVI); 
followed by boiling dilute sulphuric acid, was rearranged to w 031 ^ str ychni ne (I. 
this was then isomerised by ethanolic potassium hydroxide to 

R = H ). -ting at 268^ to 290; 

Properties. Strychnine crystallises in colourless prisms, mei Jr no i); — -1.19-3 

according to the rate of heating. [oc] D —109-9° (in 80 per ce ” t j ete cted at a dilu- 

(in chloroform). It has an intensely bitter taste, which can . e ^qoO), and soluble 

tion of 1 in 700,000. It is very slightly soluble in water (1 in 


rxd obtained 

it was con- 
iccd an oily 


e gave me 
acetic acid 
line (X\ I); 

vchnine (I. 
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in 90 per cent ethanol (1 in 150), in boiling 90 per cent ethanol (1 in 12), in 
dehydrated ethanol (1 in 350), in chloroform (1 in 6) and almost insoluble in 
ether. Two colour tests are characteristic; with a 1 per cent solution of am* 
monium vanadate in sulphuric acid a deep violet-blue colour appears, changing 
to deep purple and, on dilution with water, to a cherry-red colour; when dissolved 
in sulphuric acid on a porcelain tile an intense violet colour is produced when a 
crystal of potassium dichromate is moved slowly through the solution. It is not 
coloured by sulphuric acid alone. Although containing two nitrogen atoms 
strychnine behaves as a monoacidic base. 

Strychnine hydrochloride, C 1S H M 0,N,,HO,2H,0, is a white crystalline 
powder, soluble in water (1 in 40) and in ethanol (1 in 80). 

Strychnine sulphate, (C 11 H 1J 0,N,),,H J S0 4 ,5H J 0, forms colourless 
crystals, soluble in water (1 in 50) and in ethanol (1 in 135). 

Brucine, C M H M 0 4 N 2 , is dimethoxystrychnine; it contains two methoxy 
groups attached to ring A of strychnine (I). It melts at 178° (anhydrous). It is 
distinguished from strychnine by being readily oxidised by dilute nitric acid 
with the formation of an intense red colour. 
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CHAPTER IV 


Cinchona Alkaloids 


The group of alkaloids known as the cinchona alkaloids is derived from various 
species of Cinchona and Remijia. The cinchona species is indigenous to South 
America, but different varieties have been introduced into other parts of the 
world, such as Java and India. The bulk of cinchona bark used in the manu¬ 
facture of quinine is now, in fact, derived from Java. 

The most important species of cinchona are: 


Cinchona officinalis, yielding ‘pale’ or ‘crown’ bark. It contains about 6 per 
cent of alkaloids, of which more than half is quinine. 

Cihchona Calisaya, yielding ‘yellow’ or Calisaya bark, containing about 6 to 
7 per cent total alkaloids, containing a high proportion of quinine. 

Cinchona Ledgeriana, a variety of the above, is very rich in alkaloids, yielding 
from 6 to 10 per cent or more of total alkaloid, containing a high proportion of 
quinine. 

Cinchona succirubra , which gives the ‘red’ bark, containing about 6*5 per cent 
of total alkaloids. The quinine content of this bark is low, and the cinchonidine 
is high. 

Cuprea bark, yielded by Remijia pedunculata, is not a cinchona bark, but con¬ 
tains quinine and cupreine. 

For many years, until recently, attention was directed to the cultivation of 
species yielding the highest percentages of quinine, but now that the ya ue o 
the other alkaloids is becoming more evident, the cultivation of C*. ra is 

in some places being extended. Numerous alkaloids have been isolate ro 
these barks, and from other species, viz. 


formula 


' X® ■ 


C 1 B H a 2 ON 2 

OsN. 




C x *rx»3' 

,h»^o 2 n 2 


ALKALOIDS 

Paricine 

Cinchonine, cinchonicine, cinchonidine, homocinchonidine 
Cinchotine, cinchamidine, cinchonamine 
Cupreine 

Quinamine, conquinamine 
Quinine, quinidine, quinotoxine 

Chairamine, conchairamine, chairamidine, conchairamidine 
Cusconine, concusconine, aricine 
Dicinchonine 
Diconquinine 

Javanine, cuscamine, cuscamidine, cusconidine 

r m the parent - 

The quinine alkaloids may be considered as derived tro be regarded as 

stance, Ruban (I). All those whose constitutions are known 


C 2 o r 

p H^aO s N 4 

^3S rl 44 * 

Unknown- 

sub- 
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derived from Q-CHOH-Q' where Q is a quinoline or methoxyquinoiine group 
and Q' is a 3-vinyl or a 3-ethyl quinuclidine group (the bridged piperidine ring 
in formula II). Ruban (1) is thus 4'-quinolyl-quinuclidine. 




OCH, 


Quinine and quinidine are isomeric and of opposite optical rotation, and have 
the constitution (II), i.e. they are 6'-methoxy-3-vinyl-9-rubanol. It is probable 
that they are stereoisomerides. Hydroquinine and kydroquimdme correspond with 
quinine and quinidine, but the vinyl-group is hydrogenated to a CH t CH, group. 
They are, therefore, 6'-methoxy-3-ethyl-9-rubanol. 

Cinchonine and cinckomdme are also isomeric and of opposite optical rotation. 
They differ from quinine and quinidine respectively, in that they do not contain 
the methoxy group. They are, therefore, 3-vinyl-9-rubanol. Hydrocinchonine 
and hydrocinchonidine are 3-ethyl-9-rubanol, and bear the same relationship to 
cinchonine and cinchonidine as hydroquinine and hydroquinidine bear to 
quinine and quinidine. 

Cupreine contains a hydroxy group in place of the methoxy group of quinine. 
It is, therefore, 6'-hydroxy-3-vinyl-9-rubanol, and quinine is the methyl ether 
of cupreine. Nevertheless, when the methoxy group of quinine is converted into 
a hydroxyl group by heating with 60 per cent sulphuric acid apoquinine and 
iso apoquinine are formed. Similarly apoquinidine and iso apoqumme are formed 
from quinidine (1). Apoquinine is not hydrogenated in the presence of nickel, 
as is cupreine. Probably the difference between apoquinine and cupreine is 
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connected with the vinyl group and is not stereochemical. Hydroquinidine can 
be converted to hydrocinchonine by removal of the methoxyl group l>y Heating 
with ammonium bisulphite (2). By the same method cuprei ne yields 
cinchonidine. 

Quinine, C 20 H 2t O 2 N 2 .3H 2 0. Quinine is the most important: alkaloid of the 
cinchona group, and is found in greater abundance than any of the other cin¬ 
chona alkaloids. 

Quinine was originally prepared in a crude state in 1792 by Fourcroy. Pelletier 
and Caventou in 1820 investigated the crude product and separated from it two 
alkaloids, which they called quinine and cinchonine. Quinine is chiefly manu¬ 
factured from barks of the Ledgeriana type, which are specially selected on 
account of their quinine content. The bark is stripped and dried in the sun. It 
is then crushed to powder and mixed with lime and caustic soda solution. The 
alkaloids are extracted from the mass by repeated digestion with, hot petroleum, 
the mixture being vigorously stirred in a rotating ball-mill heated by steam for 
some hours. After allowing time for the separation of the petroleum, the latter is 
drawn off. When the bark is sufficiently exhausted, the united petroleum extracts 
are extracted with dilute sulphuric acid in a lead-lined vessel provided with a 
powerful stirrer. When extraction is complete the oil is agai n separated and used 
again for extracting the bark. The acid aqueous liquid, while still hot, is neutra¬ 
lised to the reaction of the neutral sulphates of the alkaloids and allowed to 
crystallise. Crude quinine sulphate, containing cinchonidine and cinchonine 
sulphates and colouring matter, crystallises out. It is redissolved in water, 
decolorised with charcoal, and recrystallised until the cinchonidine and cincho¬ 
nine are reduced to the required percentage. Quinine is prepared from the 
sulphate by precipitation with alkali, washing and drying. It: crystallises with 
3 molecules of water, melting at 57°, but this hydrate soon loses water on 
exposure to the air. Dried over sulphuric acid, a hydrate containing 1 mol ecu e 
of water is formed. At 110° all the water is lost, and the anhydrous quinine me ts 

at 172-8°. The specific rotation depends to a large extent, on the solvent^ t e 
temperature and the pH, but at 15° in 99 per cent alcohol its ^ ~ ti ier 

Solutions of quinine in sulphuric, tartaric, phosphoric and certain ^ ^ 
oxy-acids show a strong blue fluorescence, which is still perceptible cven Q^ini- 
dilutions. Hydrochloric or other halogen acids destroy the fluorescence- ^ ^ ^ 
dine and hydroquinine give a similar fluorescence; cinchonine and cine ° 
do not. . - o k ut , 

ThaUeioquin Test. This is the most important colour test for rls j t 

unless the conditions are right, it is liable to be uncertain in its ir * 0-5 ml 

is best carried out by taking 10 ml of the quinine solution and a _ in . s a< j<Jcd, 
of saturated bromine water. After shaking, one drop of strong amrn formed, 

or enough to make the liquid distinctly alkaline. A green co o ^ ^ co mes 

unless the quinine solution is concentrated, when a g reen ^ r fdetecting one 
down. If carefully carried out, this test is said to be capable ^ quinidine, 
part of quinine in 1,000,000. The thalleioquin test is given a ^° re £ riej but not 
hydroquinine, hydroquinidine, quinamine, quinotoxine and o ^ c j nC honaniine 
by cinchonine, hydrocinchonidine, cinchonidine, cinchonicine 
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Quinine gives crystals of characteristic form in dilute solutions with sodium 
phosphate or potassium chromate. Quinine iodosulphate or ‘herapathite’ also 
has a characteristic microscopic form. Quinine picrate melts at 125° to 126°. 

Quinine is more soluble in ether and in ammonia solution than the other 
cinchona alkaloids. Pure quinine has been prepared by precipitation from the 
commercial salt as periodide, and recovery of the base from the latter, or by 
recrystallisation of the (-j-)-camphor sulphonate and recovery of the quinine. 

Quinine is distinguished from the other cinchona alkaloids by the following 
characters: 

From cinchonine by the blue fluorescence with sulphuric acid, by its laevorota- 
tion, by the thalleioquin test, by its solubility in ether and ammonia, and the 
insolubility of its neutral tartrate. 

From cinchonidine by the blue fluorescence, and by its greater solubility in 
ether and ammonia. 

From qutmdine by its laevorotation, by yielding no crystalline precipitate with 
potassium iodide, and by the insolubility of quinine sulphate in chloroform. 

From quinamine by its laevorotation, its solubility in ether and the insolubility 
of its neutral tartrate. 

From cupreine by the blue fluorescence and by the insolubility of the alkaloid 
when precipitated in excess of sodium hydroxide. 

Quinine has been completely synthesized by R. B. Woodward and W. E. 
Doering (3) according to the scheme on pp. 223 to 225. 

Quinine sulphate, (C 20 H 24 O 2 N 2 ) 2 .H 2 SO 4 .2H 2 O. Quinine sulphate is the 
most important salt of quinine, and is used in medicine in large quantities. Its 
preparation on the commercial scale has been described above. Commercial 
quinine sulphate is never pure, but always contains a certain proportion of other 
cinchona alkaloids, chiefly cinchonidine and hydroquinine. Certain empirical 
tests are laid down by the various pharmacopoeias in order to keep these im¬ 
purities below a certain limit; these tests depend on the greater solubility of 
quinine in ether and ammonia, as compared with its impurities. Quinine 
sulphate occurs in light silky white crystals. 1 gram dissolves completely in 
7 ml of a mixture of chloroform (2 volumes) and absolute alcohol (1 volume). 
Quinine sulphate contains 73*5 per cent of anhydrous quinine. [a]o° —216-5° 
calculated to the pure dry salt (c—M/40 in water). 

Quinine hydrochloride, C 20 H 24 O 2 N 2 .HC1.2H 2 O. This salt is much more 
soluble than the sulphate. It forms white silky crystals. The salt contains 
81*7 per cent of anhydrous quinine. M.p. 158° to 160° [a]l> 0 —133-7° (in water). 

The dihydrochloride or acid hydrochloride , C 90 H >4 O 2 N t .2HCl, and the 
bisulphate or acid sulphate, C 20 H 24 O 2 N 2 . H 2 S0 4 .7H 2 0, are sometimes used on 
account of their greater solubility. Numerous other salts of quinine are used, 
such as the hydrobromide, glycerophosphate, phosphate, hypophosphite and 
salicylate. 

Quinine Ethyl Carbonate , C 2 H 6 CO 3 .C 20 H 22 ON 2 , is almost tasteless. The 
double hydrochloride of quinine and urea, C 20 H 24 O 2 N 2 .HCl.CO(NH 2 ) 2 . 
HC1.5H a O, is used for injection. 

Quinidine, C 20 H 24 O 2 N t , occurs in small amount in certain cinchona barks. 
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T\\c C0l\\er$l0fl of *c^uinotoxi n.e to quinine had already been accomplished by Rabe St Kindler (4). 
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The root barks always contain more quinidine than the stem barks; in fact the 
stem bark of Cinchona succirubra contains no quinidine, whereas the root bark 
contains about 0-4 per cent. Quinidine remains in the mother liquor obtained in 
the manufacture of quinine after the quinine and cinchonidine sulphates have 
been crystallised out. On precipitating these liquors with sodium hydroxide and 
extracting with ether, quinidine and cinchonidine are dissolved. The alkaloids 
are removed from the ether with dilute sulphuric acid, and the acid solution 
neutralised with ammonia. The cinchonidine is then precipitated with sodium 
potassium tartrate. The quinidine is precipitated from the filtrate as the hydrio- 
dide by the addition of potassium iodide solution. The base is recovered and 
recrystallised from alcohol. Quinidine, when anhydrous, melts at 171*5°. It is 
slighdy soluble in water, more soluble in 80 per cent alcohol and in ether. It is 
dextrorotatory [a] D +274*7° in alcohol - chloroform (1 : 2). Quinidine picrate 
melts at 137° to 138°. 

Quinidine sulphate, (C 20 H M N t O s ) s .H s SO 4 .2H s O, occurs as white silky 
needles or hard prisms, slightly soluble in water, more soluble in alcohol and in 
chloroform. M.p. 206°. The solution in water acidified with sulphuric acid 
shows a blue fluorescence. Commercial quinidine sulphate always contains 
hydroquinidine sulphate. 

Quinidine is more effective than quinine in benign tertian malaria, and has 
been found useful in the treatment of auricular fibrillation. 

Cinchonine, C 19 H ai ON 2 , occurs in nearly all cinchona barks. Cinchonine 
is prepared from the mother liquors after the crystallisation of crude quinine 
sulphate. The cinchonidine is removed as tartrate. The cinchonine is separated 
from quinidine by taking advantage of the slight solubility of the former in ether. 
It is recrystallised from alcohol. Cinchonine crystallises in needles or prisms, 
which sublime at 220° and melt at 255°. Cinchonine is almost insoluble in water, 
more soluble in alcohol and chloroform, and only slighdy soluble in ether. 
[a] D +229° in dry alcohol. Cinchonine gives characteristic crystals in dilute 
solutions with potassium ferrocyanide and with Wagner’s reagent. Cinchonine 
picrate melts at 193° to 194°. 

Cinchonidine, C 1# H a2 ON 8 , occurs in the largest amount in Cinchona succi¬ 
rubra, but occurs in most cinchona barks. It is prepared from the mother liquor 
from the crystallisation of quinine sulphate by precipitation as neutral tartrate 
with sodium potassium tartrate. The tartrate is washed with water and decom¬ 
posed with ammonia, and the base dried at a low temperature. On dissolving 
the base in 2*1 ml of 50 per cent sulphuric acid and 11 ml of absolute alcohol 
for each gram of base, and allowing to cool, pure cinchonidine tetrasulphate 
crystallises out. Cinchonidine is recovered from the sulphate by precipitation 
with sodium hydroxide and recrystallisation from alcohol. Cinchonidine crystal¬ 
lises in short prisms, almost insoluble in water. Cinchonidine picrate melts at 
208° to 209°. Cinchonidine has been found to be more effective than quinine 
in the treatment of benign tertian malaria. 

Hydroquinine, C S0 H M O t N t .2H t O. Hydroquinine was first obtained by 
Hesse in 1882 from the alkaloids of Cinchona Ledgeriana. Hydroquinine is one 
of the chief impurities present in commercial quinine sulphate, in which it is 
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present to an amount of 1 to 2 per cent. Hydrocjvaixxirxcs is best prepared by the 
hydrogenation of quinine. In the presence of palladium black an acid solution 
of quinine sulphate is readily hydrogenated to hydroquinine (5). 

Hydroquinine is prepared by this method for use in the preparation of the 
hydrocupreines. 

Hydroquinine may be separated from quinine repeated crystallisation of 

the sulphate. The mother liquors are freed as far as possible from quinine and 
treated in the cold with permanganate, which oxidises the quinine, but has no 
action on hydroquinine. Hydroquinine melts at: 172*3° 'when anhydrous. [a] D 
in alcohol —42-2°. Hydroquinine closely resembles quinine. It gives the 
thalleioquin reaction and its solution in sulphuric acid shows a 
cence. It forms similar salts to those of quinine, 
more effective than quinine in malign tertian mals __ 

Hydrocinchonine or Cinchotine, C 19 H # *OrsT,- This 

found in several varieties of cinchona bark, having been discovere y esse in 

10*71 Tj. * • • • i • ^ alkaloids and is round 

1873. It accompanies cmchomne in the separation, or tne . 

r r L t.ed by fractional crystalli- 

Q ved by cold oxidation 

best prepared by hydro- 

Lirxine. Hydrocinchonine 


unine is 


blue fluores- 
stated to be 


alkaloid has been 


in commercial cinchonine, from which it may be separa 
sation from alcohol, the remaining cinchonine being 
with permanganate. Hydrocinchonine, however, i 3 
genation of cinchonine by the method used for hydroqr 1 
melts at 286°. [a] D in 97 per cent alcohol+192°. — ^ t and Bbhringer in 

Hydrocinchonidine, C 1# H M ON„ was found *>y eber varieties. As in the 
1881 in Cinchona Ledgeriana bark, and occurs also a*"* ° . epar ed by the hydro- 
case of the other ‘hydro’ cinchona alkaloids, it is j^^inohonidine. Hydro¬ 

genation of the corresponding dehydrogenated alka* 01 r cial process for the 
cinchonidine accompanies cinchonidine in the c 011 ^ _ ^jyjchonidine sulphate, 
separation of the alkaloids, and is found in commercis t h e tartrates. The 

from which it may be separated by fractional precif> lta VnrangaHa^ in the co ^- 
residual cinchonidine is removed by oxidation witb j Like cinchonidine, 

Hydrocinchonidine melts at 229°. [a]„ —98-4° in a ^ c °- on nor does it give the 
the sulphate does not show a blue fluorescence in 30 * u . _. - 

thalleioquin test. The salts resemble those of cinebom * ,^^ er ; n 1881 foun 

Hydroquinidine, CjoHaOjNj^iHjO. Forst and _^„ s iderable amount 


this alkaloid as an impurity in quinidine. It occurs 
commercial quinidine sulphate, from which it may 
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const' 
separ 3 
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ration 


ted by fraction 
of hydroqumine 

hydroquinidine 
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crystallisation by the same method as is used for the to 

from quinine. Quinidine may be readily hydrogens foe ]d -. t j ie 

Hydroquinidine melts at 166° to 167° when anhyd r ^ 1 ^ o j u tion, and gn cS 
quinidine, it shows a blue fluorescence in sulphuric aC* _///<? 
thalleioquin reaction. The salts resemble those of qiti n * t be hark of 

Cupreine, CuHjjOjNj^HjO. Cupreine occurs * ^ rorn the sulphuric^a ^ 
pedunculata or cuprea bark. Cupreine may be prepare solution consi 

solution of the total alkaloids extracted from the bark- GX j.t.rali satlon °f 1 lC jj isC s 
the sulphates of cupreine and quinine, and on carefttl ** rri0 cii 1 ^ ri ‘ ne ) cr y i, 5^ a rc 

phates a compound of cupreine and quinine (known as ^ srx<d the alka oi 

out. The crystals are dissolved in dilute sulphuric aCl * 
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precipitated with an excess of sodium hydroxide and extracted with ether. The 
quinine is dissolved while the cupreine remains in solution. The alkaline 
solution is neutralised with sulphuric acid, and cupreine sulphate crystallises out. 
The alkaloid may be purified by crystallisation from alcohol. Cupreine melts at 
198°, when anhydrous. [a] D in 1*5 per cent solution in absolute alcohol —175*5°. 
Cupreine is soluble in alcohol, and in excess of sodium hydroxide, but not in 
ammonia. It is only slighdy soluble in ether and chloroform. Cupreine gives the 
thalleioquin reaction, but the sulphate is not fluorescent. 

Quinotoxine or Quinicine, C S0 H S4 O t N a . Pasteur in 1853 found that on 
heating the acid quinine sulphate a new alkaloid was formed. This alkaloid is 
also formed by heating quinidine acid sulphate, and has been found in cinchona 
bark. Quinotoxine has toxic properties, and as it is formed by heating quinine 
in acid solution, it is liable to occur in solutions of acid salts of quinine which 
have been sterilised by heat. Similar compounds are formed from the homo- 
logues of quinine. Quinotoxine (III) is 6'-methoxy-3-vinyl-rubatoxan-9-one. 



Quinamine (6). Quinamine differs from the other cinchona alkaloids in 
containing an indole nucleus in place of the usual quinoline nucleus. Kirby (7) 
suggests the structure (IV). 




2 


Cinchonicine, 3-vinyl-rubatoxan-9-one, is formed in a similar way from 
cinchonine or cinchonidine. Similar changes occur in the other alkaloids, e.g. 
cupreine forms cupreicine , hydrocupreine forms hydrocupreicine. 

Comparisons between the quinine alkaloids (8) in their effectiveness in the 
treatment of bird malaria have been carried out, though it does not necessarily 
follow that the effectiveness in human malaria would show the same relation¬ 
ships. Hydroquinine was the most effective, quinine, quinidine, cinchonine, and 
cinchonidine being of equal value. 

The series of alkaloids formed by the mild oxidation of quinine, quinidine. 
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cinchonine and cinchonidine—viz. quitenine, quitenidirxe, cinchotenine and 
cinchotenidine—in which the vinyl group is replaced by a carboxyl group have 
been shown to be ineffective in bird malaria, but the alkylation of the carboxyl 
group restores the activity, which increases as the homologous series is ascended 
reaching a maximum at butyl or amyl. 

It has also been shown (9) that in all cases in which tlxe alcoholic hydroxy l 
group of quinine is replaced or protected the antimalaria .1 properties of the 
alkaloid disappear. 

Cinchona Tebrifuge’. Mixtures of cinchona alkaloids are largely used i n 
India and other countries in the treatment of malaria. These febrifuges are 
manufactured from the mother liquors from the crystallisation of quinine and 
cinchonidine sulphates in the manufacture of quinine from c:in.ebon a. bark. They 
therefore do not represent the total alkaloids of the drug ( lO). Tlie typical 
analysis of such a preparation is: 

Per cent 


Quinine 

8-5 

Cinchonidine 

7-0 

Cinchonine 

28-3 

Quinidine 

8-6 

Amorphous alkaloids 

44-7 


Totaquine and Quinetum are preparations containing the total alkaloids of 
cinchona. 
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CHAPTER V 


Ergot Alkaloids 


Ergot consists of the mycelia of Claviceps purpurea , a fungus which is found 
growing on many cereals and grasses, but principally on rye. Ergot has been 
used for centuries for its pressor action, and in particular for its stimulating 
action on the muscles of the uterus. 

The constituents of ergot have been the subject of numerous researches and 
in early years many products of doubtful purity were described. Wenzell (1) in 
1864 prepared two bases which he called ergotine and ecboline , but the first 
crystalline substance was a base prepared by Tanret (2) which he named 
ergotinine ; this was later shown by Robert (3) to be devoid of pharmacological 
activity. Jacobi’s secatine and the picrosclerotine of Dragendorff and Podwyssozki 
also consisted of ergotinine. Tanret, however, isolated from the mother liquors 
from ergotinine an amorphous base, cornutine , which Robert found to be active. 
This base, as well as similar products prepared by others, such as the sphace - 
lotoxineoi Jacobi, consisted of impure ergotoxine on which their activity depended. 
Ergotoxine was first obtained crystalline by Barger and Carr (4); it was also 
isolated almost simultaneously by Rraft (5), who thought that it was converted 
into ergotinine by the loss of a molecule of water, hence he named it hydro- 
ergotinine. A second active alkaloid, ergotamine , was isolated by Stoll (6) in 1920. 

The stimulating activity on the uterus of aqueous extracts of ergot, which 
apparendy contained no ergotoxine or ergotamine, was a puzzle for many years 
until the water-soluble alkaloid ergometrine was almost simultaneously dis¬ 
covered by Dudley and Moir (7) in 1935, by Rharasch and Legault (8) who 
named it ergotodne , by Stoll and Burckhardt (9) and by Thompson (10) who 
called it ergobasine and ergostetrine respectively. Because of these conflicting 
claims the name ergonovine was officially adopted in the U.S.A. but ergometrine 
was retained in the B.P. 

Ergotoxine has been shown by Stoll and Hofmann (11) to be a mixture of 
three alkaloids, ergocornine , ergocrystine and ergocryptine. Consequently ergo¬ 
tinine is also a mixture. The name ergotoxine is, however, still used to denote 
the product used in medicine. 

Ergot also contains a number of non-alkaloidal nitrogenous bases including 
/>-hydroxy-/?-phenylethylamine (tyramine), ergothioneine and histamine; it also 
contains about 33 per cent of lipids of which about 0*3 per cent is ergosterol. 

The ergot alkaloids exist in pairs which are isomeric and interconvertible. One 
member is laevorotatory and very active pharmacologically while the second 
member is strongly dextrorotatory and only mildly active. 

Ergot alkaloids possess two types of pharmacological activity, (a) their stimu¬ 
lating activity on smooth muscle, especially that of the uterus, and (6) a stimulating 
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action on the motor terminations of the sympathetic nerves, which in large 
doses are paralysed. Ergometrine and its homologues exert only the first type of 
activity, for which purpose they are used in medicine. By hydrogenation of 
ergotoxine and ergotamine this activity is suppressed and only the second type 
is observed. 

The specific rotation is determined where not otherwise stated in chloroform. 
The melting-point is not a reliable characteristic of ergot alkaloids. They tend 
to crystallise with combined solvent which is difficult to remove. The figures in 
the table are determined on the alkaloid from which the solvent has been 
removed. 

In addition to the alkaloids in the above table, a further alkaloid, ergomonamine , 
has been found by Holden and Diver (12) which differs from the others in not 
giving indole colour reactions. The most important of these colour reactions is 
the blue colour given with a solution of 1 per cent dimethylaminobenzaldehyde in 
sulphuric acid containing a trace of ferric chloride. This is given by all the 
alkaloids except ergomonamine and by the decomposition products ergine and 
lysergic acid. 

The change from the (—) to the (-f ) type of alkaloid can be effected by boiling 
with methanol or by standing in aqueous ethanolic potassium hydroxide; the 
reverse change is effected by boiling with ethanol containing phosphoric acid. 

Constitution. When the ergot alkaloids of the (—) series are hydrolysed 
lysergic acid is obtained together with other compounds which differ in each 
alkaloid. The following table shows the constituents that accompany lysergic 
acid. 


Ergocrystine 

dimethylpyruvic acid 

(-f)proline 
(—)pheny lalanine 

Ergocryptine 

dimethylpyruvic acid 

(+)proline 
(—)leucine 

Ergocornine 

dimethylpyruvic acid 

(-f )proline 
(—)valine 

Ergotamine 

pyruvic acid 

(-f-)proline 
(—)phenylalanine 

Ergosine 

pyruvic acid 

(-f)proline 
(—)leucine 

Ergometrine 

/-(+)-2-aminopropan-1 -ol 



The alkaloids of the (+) or pharmacologically inactive series yield the same 
compounds and trolysergic acid. 

Lysergic, acid , C ie H ie 0 4 N t , (IV). In 1932 Smith and Timmis (13) showed 
that all the then known ergot alkaloids gave a basic degradation product, which 
they named ergine t by the action of methanolic alkali (this is now called iso ergine 
since it is an amide of trolysergic acid). In 1934 Jacobs and Craig (14) showed 
that ergometrine was a hydroxypropylamide of lysergic acid and in 1938 Stoll 
and Hofmann (15)synthesised ergometrine from lysergic add and /-(+)-2-amino- 
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constituent »f 


propan-l-ol thus showing that lysergic acid is the fundamen tal 
the (—) series of ergot alkaloids. 

Lysergic acid has been synthesised by Kornfeld et a/. (16). TL'he reaction 

of N-benzoyl-3-(/?-carboxyethyl)dihydroindole with thionyl chloride followed 
by aluminium chloride gave I, (R= — COC # H B ; R' = H); this was bro- 
minated to give I, (R= — COC # H a ; R'=Br) which b>y reaction with methyl, 

aminoacetone ethylene ketal was converted to I, [R= -C!OC G H 5 ; R' === 

I l 

—^MeJCHj^MeJOCHjCHjO]; hydrolysis yielded tl*e diketone [I, 

R'= —N(Me) CHjCOCHj] which by treatment with sodium methoxide gave 

the tetracyclic ketone (II, R=H). Acetylation yielded II, (3R. == -COCH 3 ) and 

reduction gave the alcohol (III, R= — COCH 3 ; R'=OH). Treatment of th e 
hydrochloride of this with thionyl chloride followed t»y aodivi m cyanide i n 
liquid hydrogen cyanide gave the nitrile (III, R= —COCII 3 ; R' — CINJ) which 

by methanolysis produced the ester (III, R=H; R'= -I-I 3 ); this was 

hydrolysed with alkali and dehydrogenated catalytically with deactivated Raney 
nickel giving (i)-lysergic acid (IV). From the synthetic acid, treatment with 
diazomethane followed by hydrazine gave (±)-«olyserg^ic acid hydrazide. This 
compound was resolved by Stoll and Hofmann (17) by the use of tlic di-/»-toIuovI 
tartrates into its optical isomers which were converted into the corresponding 
lysergic hydrazides by treatment with ethanolic alkali- woLysergic acid 
differs from lysergic acid in the spatial arrangement of the substituents at 
position 8. 



II 

IV 
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All the alkaloids of ergot, as well as the hydrogenated components of ergo- 
toxine have been separated by chromatography (18). 

The stereochemistry of the lysergic acids and their derivatives have been 
discussed by Stoll and his associates (19). 

Ergometrine. Ergonovine. C 13 H 38 0 3 N 3 . This alkaloid has the simplest 
structure of all those occurring naturally in ergot, being the amide of (+)~ 
lysergic acid and /-(-f-)-2-aminopropan-1 -ol. It differs from the other alkaloids in 
being water-soluble and in its pharmacological action. It is also more reliable 
in its action when given by the mouth than the other alkaloids. 

Ergometrine crystallises from benzene in colourless needles and from ethyl 
methyl ketone in prisms; both these forms contain combined solvent and melt at 
162° to 164° (dec.). It may also be crystallised from ethyl acetate at —4° in plates 
containing no combined solvent which melt at 160° to 161°. By crystallisation 
from acetone and drying in vacuo at 140° a form is obtained which melts at 
212° (dec.). The optical rotation is [a]? (c=l*5 in dehydrated ethanol) +40° 
to +43° calculated to solvent-free material or [a]^ 6I +60° to +63°. 

Ergometrine picrate exists in two forms, a hydrated form melting at 148° 
(dec.)and an anhydrous form melting with sudden decomposition at 188° to 189°. 

Ergometrine and its salts are easily oxidised and readily discolour on exposure 
to air and light; the maleate is the most stable salt. Aqueous solutions of the 
salts have a blue fluorescence. 

Ergometrine maleate. C 19 H 33 0 t N a .C 4 H 4 0 4 . This salt is soluble in water 
(about 1 in 36) and melts at 195° to 197° (dec.); [a]? +53° to +56° (when 
dried in vacuo at 110°: c= 1-5 w/v in water). 

Methods for the preparation of ergometrine and its maleate have been 
patented (20). 

Ergometrine was synthesised by Stoll and Hofmann (21) from lysergic acid 
and /-(+)-2-aminopropan-1 -ol. Lysergic acid amide is prepared by diazotisation 
of the hydrazide and this is condensed with the aminopropanol in the presence 
of alkali. 

Methyl ergometrine tartrate, (-f-)-Lysergic acid-n-butanol-2-amide. This 
compound is stated to have an action on the uterus one and a half to two times 
as powerful as ergometrine, and the action is also more prolonged. 

Ergotamine, C M H M O s N s . There are two strains of ergot, one containing 
alkaloids of the ergotoxine group and the other yielding ergotamine (22). The 
ergot collected from the tall fescue grass of New Zealand also contains ergot- 
amine (23). Ergotamine may be prepared by the method described by Stoll 
(24). The coarsely ground ergot (2 kg) is mixed with a solution of aluminium 
sulphate (200 g) in 300 ml of water and finely ground; the mass is moistened 
with benzene (1500 ml) and thoroughly extracted with benzene to remove fat, 
etc. The mass is then stirred with benzene (4 litres) and brought to an alkaline 
reaction with ammonia, the extraction with benzene being continued until no 
more alkaloid is removed. The benzene extracts are concentrated in vacuo to a 
volume of 50 to 100 ml, when the greater part of the alkaloid crystallises; the 
remainder is precipitated from the mother liquor by the addition of petroleum 
spirit. The alkaloid is dried in vacuo and recrystallised from aqueous acetone. 
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Ergotamine crystallises from aqueous acetone in rectangular plates with tv*.'c"» 
molecules of acetone and two molecules of water. 

Ergotamine is a weak monoacidic base; the optical rotation 1-0 in chloro¬ 

form) is [a] 2 ° —160° or [a]^ —192°. 

Ergotamine tartrate, (C 33 H 35 0 s N 6 ) 3 ,C 4 H # 0 # , is the salt: generally used; it 
is readily soluble in water. 

Ergotoxine. This was formerly regarded as a single alkaloid l^iat has been 
found to be a mixture of three alkaloids, ergocristine, C 36 I1 3B O s Is r> , ^r^ocrvptine 
C 8 jH 41 0 5 N 5 , and ergocornine, C 31 H 39 0 6 N 5 . The constituent parts of these 
alkaloids have been given on p. 232. Ergocristine has the struct re C ^ )- These 
alkaloids were isolated from commercial ergotoxine by Stoll and I lofmann (24) 
by crystallisation of the di-(p-toluyl) (—)tartrates. 



CH l C 4 H 6 

R.C00H = Lysergic acid 


Dihydro derivatives of ergot alkaloids. These com p° u ric ^ of the 

formed by hydrogenation of the double bond in the lysergic aclc _ Q f the 

molecule of ergot alkaloids. The dihydro derivatives of e:rgo* a - rr ^ 1 ^ rrl * ilC ological 
ergotoxine group of alkaloids have been used in medicine- The f> an d the 

action is modified so that the action on smooth muscle: is supp rc reSS ure and 
sympathicolytic activity remains; they therefore reduce the hlooc 1 
have been used in hypertension. 
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CHAPTER VI 


Solanaceous Alkaloids 

Of the plants yielding solanaceous alkaloids,only belladonna root and leaves, and 
the leaves of Hyoscyamus niger and Datura stramonium are in common use in 
medicine. Hyoscyamus muticus, the Egyptian henbane, is the chief source of 
commercial hyoscyamine. Hyoscine is best obtained from or from 

Duboisia species. The following is a list of the chief plants yielding solanaceous 
alkaloids. The composition of the alkaloids in the plants is liable to variation in 
the same species at different times or in different plants: 


Plant 


Atropa acuminata 
(Indian Belladonna) 

Atropa Belladonna 

Datura fastuosa 
Datura Metel 
Datura meteloides 
Datura quercifolia 

Datura stramonium 

Duboisia myoporoides 
Duboisia Leichardii 

Hyoscyamus albus 
Hyoscyamus muticus 

Hyoscyamus niger 

Mandragora offictnarum 
Scopolia carniolica 
Scopolia japonica 


Part of 
Plant 


Whole 

f Leaves 
< Roots 
[_ Seeds 
Fruits 

{ Fruits 
Leaves 

{{ Leaves 
Seeds 
Leaves 
Seeds 
Roots 
Leaves 
Leaves 
Seeds 
Leaves 
Seeds 
Leaves 
\ Seeds 
Leaves 
Rhizomes 
Leaves 


Percentage of 
Alkaloids 


0-3 to 0-5 

015 to 0-60 
0-1 to 0-7 
0-8 
0-24' 
012 

0-2 to 0-5 
0-4 
0-42 
0-29 

0-2 to 0-45 
0-2 to 0-5 

2-0 

0-2 to 0-56 
016 
1-4 

0-87 to 1-34 
0-045 to 0-08 
0-06 to 010 

0-43 to 0-51 
0-18 


Chief A.lkaloids 


Hyoscy am 


Hyoscyam 


ine 


i r»e 


arid hyoscine 


Hyoscine 

Hyoscine 

rx^eloidine 
“y° - Hyoscyamine 

S 3 V.?— 

Hyoscyami ne 

Hyoscyamine 

Hyoscine, 

an d Hyoscine 
and Hyoscine 


Hyoscya*”! ne 

Hyoscy r 
Hyoscyi 



Sy°acyamin= 


and Hyoscine 
and Hyoscine 


,_ ) -hyoscy^. 

The chief alkaloids belonging to the ‘solanaceous* group ^-^»pin e (atr°P^^V^ 
atropine [(±)-hyoscyamine], hyoscine (scopolamine), apo a JSSl thes« a 

belladonnine, norhyoscyamine, noratropine, and meteloidine. 
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are esters formed by the combination of an acid with an amino alcohol as shown 
in the following table: 


Alkaloid 

Acid 

Amino Alcohol 

Hyoscyamine \ 

Atropine J 

Tropic 

Tropine 

Norhyoscyamine 

Tropic 

norTropine 

Hyoscine 

Tropic 

Scopine 

Meteloidine 

TigUc 

Teloidine 

Apoatropine (Atropamine) 

Atropic 

Tropine 

Belladonnine 

/Msatropic 

Tropine 


The alkaloids of this group possess the power of dilating the pupil when applied 
to the eye, and are hence often known as the ‘mydriatic’ alkaloids. They are 
easily hydrolysed, and the conditions of their extraction must be such as to avoid 
this possibility. Further, (—)-hyoscyamine is readily converted into its inactive 
form, atropine, in the process of extraction. It is, in fact, doubtful if atropine is 
ever present in the growing plant in more than minute quantities, if at all. 

Methods of preparation. The total alkaloids may be extracted from a solana- 
ceous drug by the following process: the finely powdered drug is exhausted with 
hot alcohol, the solvent being then removed by distillation in vacuo at a low 
temperature. The syrupy extract is now mixed with dilute hydrochloric or 
sulphuric acid of about 0-5 to 10 per cent strength. The liquid is filtered and 
extracted with light petroleum. The aqueous solution is then neutralised with 
ammonia and allowed to stand for some time in order to allow certain resinous 
matter to separate. After filtering, the solution is made slighdy alkaline with 
ammonia, and the alkaloids extracted with chloroform. The chloroform solution 
is extracted with dilute acid, the aqueous extract is again made alkaline with 
ammonia and again extracted with chloroform. The solvent is distilled off at a 
low temperature, leaving a residue of mixed alkaloids. In order to obtain 
hyoscyamine from the mixture, the required quantity of oxalic acid is added to 
convert the whole of the alkaloids into the normal oxalates, and the salt is re- 
crystallised from water until it has the m.p. of (—)-hyoscyamine oxalate (176°). 
The base is then regenerated, extracted with chloroform, combined with the 
required amount of sulphuric acid to form the neutral sulphate, and crystallised 
from alcohol. 

For the preparation of atropine, the total alkaloids and those recovered from 
the mother liquors after the crystallisation of hyoscyamine oxalate, are dissolved 
in 90 per cent alcohol containing 0*8 per cent sodium hydroxide. Racemisation 
proceeds slowly, and the solution is allowed to stand until it is optically inactive. 
The alkaloid is then neutralised with oxalic acid, and the alcohol is distilled off 
in vacuo. The atropine oxalate is crystallised from water until the m.p. is 196° 
to 197°. The base is then regenerated and converted into the sulphate. 

Hyoscyamine and hyoscine are both strongly adsorbed on a silica column from 
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benzene solution and are separated by elution with dehyc!rated ethanol- the 
hyoscine is removed rapidly but the hyoscyamine only slowly ( 1 ) _ 

Constitution. When atropine is hydrolysed by warming with, acids or dilute 
alkalis, it is decomposed into tropine and tropic acid: 


CijHjjOjN -f HjO -► C 8 H 16 ON -j- C B H 10 O 3 

Atropine Tropine T ropic acid 


Tropic acid loses water at high temperature, and atropic acid, C B H[ B 0 2 , is 
formed. 

Tropic acid and atropic acid have been synthesised by I^.adenl>u rg (2) by the 
following method: Acetophenone (I) is converted into oc— dichloroethy 1 benzene 
(II) by the action of phosphorus pentachloride. Potassium, cyanide in alcohol 
reacts with II to form ethoxycyanoethylbenzene (III), which is readily hydro¬ 
lysed to ethylatrolactic acid (IV). Strong hydrochloric acid converts the latter 
into atropic acid (V). Atropic acid reacts with hypochlorous acid to form chloro- 
tropic acid (VI), which on reduction passes into tropic acid (V'l I)- 


c,h 6 


+ KCN 

+ c 2 h 6 oh 


+ HC1 


CH, 


\ 

( 

/ 


CO 


+ PC1 6 


I 


C e H s OC 2 H # 

\ / + H,0 

C - 

/ \ 


ch 3 cn 


III 


C 8 H s 

\ 


CH. 


✓ 


C.COOH 


+ HCIO 




CH 


cci 


II 


C«H 


CH 


C.H® 


CH*O h 


oc 2 h 5 


IV 


CO OH 


Cl 


COOH 


VI 


c 5 h 8 h 

\ / 

c 

/ \ 

CH S C1 COOH 


C«H 




H 

/ 


CH 


OH 


COOH 


VII 


VIII 
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Alternatively, atropic acid (V) may be treated in ethereal solution with hydro¬ 
chloric acid, which causes the formation of /?-chlorohydratropic acid (VIII), 
which is converted into tropic acid by boiling with sodium carbonate. 

The constitution of the base tropine, C 8 H 18 ON, produced by the hydrolysis 
of atropine, is not so simply determined. Tropine, when heated with strong 
hydrochloric or sulphuric acid, is converted into tropidine, C 8 H 1S N. Tropidine 
methiodide is decomposed by potassium hydroxide into tropilene, C 7 H 10 O, and 
dimethylamine, showing the presence of the group :NCH, in tropine. Oxidation 
of tropine by chromic acid gives tropinone, C,H ls ON. Tropinone, on reduction 
with sodium amalgam, forms ^riudbtropine, which is identical with the base 
obtained from tropacocaine by hydrolysis. When electrolytically reduced, how¬ 
ever, tropinone produces tropinic acid, C 8 H 18 0 4 N. The constitution of tropine 
was finally settled by Willstatter (3), who adopted the formula IX, and showed 
it to satisfy all requirements. 


CH,-CH-CH, 

I I 

N.CH, CHOH 

I I 

CH,-CH-CH, 

IX 


CH,-CH-CH, 

I I 

N.CH, CO 

I I 

CH,-CH-CH, 

X 


CH,-CH-CH 

I II 

NCH, CH 

I I 

CH,—CH-CH, 

XI 


Tropinone has, therefore, the structure X, tropidine XI, and tropinic acid XII. 
The parent compound from which the tropines are derived, known as tropane, 
may be represented by XIII: 


CH 2 

CH, 


CH-COOH 

I 

NCH, 

I 

CH-CH,.COOH 

XII 


CH,-CH-CH, 

I I 

NCH, CH, 

I I 

CH,-CH-CH, 

XIII 


Atropine and hyoscyamine are, therefore, represented by XIV. In nora tropine 
or norhyoscyamine the methyl group attached to the nitrogen atom is replaced 
by hydrogen. 


CH 


CH 


,-CH-CH, 

I I 

NCH, CH.O.CO.CH 

I I 

,-CH-CH, 


/CH,OH 

\C,H, 


XIV 



90LANACE0US ALKALOIDS 


241 

Robinson (4) observed the formation of tropinone in small quantity by the 
interaction of succindialdehyde, methylamine and acetone. 


CHO 

I 

CH a 

CH, 


H 


CH, 


CH 


CH 


+ 


N.CH,+ CO 


CHO H CH S 

Succindialdehyde Methylamine Acetone 


■CH, 


CM 


NCH 


CH 


CO 


CH, 


A better yield is obtained by using calcium acetone dicarboxylate in place of 
acetone and decarboxylating the dibasic acid by heating in acid solution (5). 

The practical difficulties of the preparation of the appropriate dialdehyde wer e 
such that the method was not suitable for large-scale use, t>n.t: recently succiru 
dialdehyde has been prepared from furan which is commercially ^ available ( 6^ 
Furan (XV) is reacted with bromine or chlorine in dry ethanolic solution 
—25° and ammonia is added to neutralise the acid formed; after filtration frojj^ 
ammonium bromide or chloride distillation yields 2 : 5 - diethoxydihy ro ur^ 
(XVI). This is hydrogenated in the presence of Raney nickel at 
2000 lb per sq in. pressure to give 2: 5- diethoxytetrahydrofuran ( I()^ 

Hydrolysis leads to succindialdehyde (XVIII). the ma 

This work has made possible the development of a process ro r^^ ^ 
facture of synthetic atropine. Robinson’s synthesis (see above) y‘ e 3 ^ 

which is easily reduced to tropine (IX) (7). Atropine may then ^ ^acetyJtro 


the straightforward esterification of tropine hydroclilo 


ri 


to 


atropine. 


The 


ace 


tyltropic 


acid 




>1 




tic tropemes, 


chloride. Acetylatropine is formed and is hydrolysed 
tropoyl chloride is obtained by the reaction between 

thionyl chloride. V, ti _ 

Tropine is readily esterified by acids and numerous s y” f of'the group tf*^ 
these esters are called, have been prepared. The only mern known as hom 

has found application in medicine is phenylglycollyltro peine, 

tropine (q.v.). . - is case the prod Uc . 

Hyoscine, like atropine, is readily hydrolysed, but ir * but it has be e 

are tropic acid and a different base, oscine (scopolin e ) ( *Vself a base scopi,^ 
shown by Willstatter and Berner (8) that in hyoscine ^ nC j er g 0 es rearrange,. 
(XX) is present, which in the course of hydroIy slS ^^^Cl The configu ra ^ 
ment to oscine. Hyoscine, therefore, has the constitution foydroge nolysis into 
tion of hyoscine has been elucidated by making use j 

(±)-3a: 6^-dihydroxytropane, and is represented by . t>y Fodor 

The total synthesis of hyoscine has been accompl 13 ** jurethane (XXllj > 

(i)-6/3-Hydroxytropan-3-one was converted into the ^.-j^^jnyloxy-^a-hydroxy- 


' - r t 

which gave rise on hydrogenation to (±)-6/?-phenyl c 
tropane (XXIII, R-C 8 H 6 NH.CO) which was then 


ace 


tylated 


to XXIV 
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(R=C e H # NH.CO, R'=CH,CO). Distillation in a vacuum yielded (±)-3a- 
acetoxy-6/9-hydroxytropane (XXIV, R=H, R'=CH,CO). The p- toluene- 
sulphonic ester (XXIV, R=MeC 6 H 4 S0 2 , R'=CH # CO) was prepared and 
cleaved in collidine at 180° in a sealed tube to 6-tropen-3-yl acetate (XXV). The 
trifluoroacetate of this compound was oxidised in acetonitrile with a solution of 
trifluoroperacetic acid in methylene chloride to scopyl acetate (XXVI) which 
was identical with the salt obtained by the acetylation of scopine hydrochloride 
obtained by mild hydrolysis of natural scopolamine. Hydrolysis with N NaOH 
in acetone for two days at 20° gave scopine (XXVII) together with some oscine. 
When heated for four days at 60° with a large excess of acetyltropeyl chloride 
in nitrobenzene acetylscopolamine was formed which was deacetylated with 
N HQ for 20 hours at 30°. The (±)-scopolamine formed was purified from 
scopine and oscine by partition chromatography and resolved by King’s method 
(10) yielding (-)-hyoscine (XXVIII). 

The stereochemical notation for the tropane alkaloids is based on the >NR 
bridge as the reference group; substituents are denoted by /? or a according to 
whether they are on the same side or opposite sides, respectively, of the general 
plane of the ring as the reference group. 

Atropine. (±)-Hyoscyamine. C 17 H J8 0,N. Atropine probably does not occur 
as such in the plant. It is formed from hyoscyamine during the extraction. It is 
obtained commercially by treating crude hyoscyamine with dilute alkali when 
the latter is racemised to atropine. The atropine is then purified by recrystallisa¬ 
tion of the oxalate. Atropine melts at 117° to 118°, and is optically inactive. On 
hydrolysis it forms tropine and tropic acid. If atropine is evaporated to dryness 
on the water-bath with nitric acid, and the dry residue is treated with a drop of 
alcoholic potash, a violet colour is formed (Vitali’s test). This test is given by 
atropine, hyoscyamine, and hyoscine. Homatropine does not give it. Veratrine 
gives a somewhat similar colour. A delicate test for atropine, and, of course, for 
the other mydriatic alkaloids, is its power of producing mydriasis in the eye. 
This effect is produced in very dilute solutions; a solution containing 1 in 40,000 
of atropine is sufficient to dilate the pupil of a cat in less than an hour. Atropine 
is a strong base, and the free alkaloid reddens phenolphthalein. The alkaloid may 
be titrated to methyl red. A saturated solution of bromine in hydrobromic acid 
(Wormley’s reagent) gives a yellow amorphous precipitate with atropine or 
hyoscyamine, which rapidly becomes crystalline, and shows rosettes of needles 
or leaf-like crystals under the microscope. Hyoscine also gives a similar amor¬ 
phous precipitate, which crystallises after a slightly longer period and forms 
similar rosettes of crystals. Atropine gives a crystalline precipitate of charac¬ 
teristic form with a solution of iodine in potassium iodide, a solution of 1 : 8,000 
giving numbers of small crystals. When auric chloride is added to a solution of 
atropine in dilute hydrochloric acid, an oily precipitate is at first formed, which 
soon crystallises. The aurichloride melts at 137° to 139°. Atropine picrate 
forms rectangular plates, melting at 175° to 176°. The platinichloride melts at 
197° to 200°. 

Atropine sulphate, (C 17 H 22 0 2 N) 2 .H 2 S0 4 .H 2 0. This is the salt of atropine 
most commonly used in medicine. M.p. (when anhydrous) 195° to 196°. 
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Atropine hydrochloride, C 17 H 28 0,N. HC1, forms colourless needles 
melting at 162°. 

Atropine hydrobromide, C 17 H M O s N.HBr, melts at 163° to 164°. 

Atropine methylbromide, C 17 H 2 *O t N.CH s Br, melting at about 222°, and 
the methylnitrate , B.CH s NO s , are also used as mydriatics. 

Hyoscyamine. (—)-Hyoscyamine, C 17 H 28 O s N. Hyoscyamine is obtained 
commercially from Hyoscyamus muticus , or Egyptian henbane, in which about 
1 per cent is found. Hyoscyamine crystallises from alcohol or petroleum ether 
in long silky needles. M.p. 108*5°. It is very similar to atropine in its solubilities. 
Hyoscyamine gives Vitali’s test (see Atropine) and dilates the pupil of the eye. 
The physiological activity is greater than that of atropine, into which it is readily 
converted by treatment with alkali. Hyoscyamine on hydrolysis gives tropine 
and tropic acid. The [a] D is —22° in 50 per cent alcohol. The aurichloride is 
precipitated in crystals immediately, and melts at 165°. The picrate forms 
quadrangular plates, melting at 165°. Hyoscyamine platinichloride melts at 
206°. 

Hyoscyamine forms small crystals with iodine in potassium iodide, resembling 
those formed by atropine, but, as a rule, somewhat larger. 

(—)-Hyoscyamine sulphate, (C 17 H ss 0 s N) s .H s S0 4 .2H t 0, is the most 
important salt of hyoscyamine. It crystallises in white hygroscopic needles, 
is soluble in water (200), and in alcohol (22). M.p. 206°. [a] D —27*8° (in 
water). 

Hyoscine. (—)-Scopolamine, C 17 H S1 0 4 N. Hyoscine occurs as the (—)- modi¬ 
fication in many solanaceous plants, especially in the Datura species, particularly 
in Datura Metel, and in certain Australian corkwood trees Duboisia myoporoides 
and D. Leichardii in which it is more abundant than in belladonna or datura. 
It is usually prepared from the mother liquor after the hyoscyamine has been 
removed. The alkaloid is liberated with sodium bicarbonate and neutralised 
with hydrobromic acid. On concentration of the solution hyoscine hydrobromide 
crystallises out. (—)-Hyoscine crystallises with one molecule of water, but is 
usually obtained as a syrup. [a]“° —28° (in water). On hydrolysis hyoscine 
forms tropic acid and scopine, the latter being readily converted into osdne. 

(—)-Hyoscine forms an aurichloride melting at 208° to 209°, and a picrate 
forming masses of needles melting at 187*5° to 188*5°. The platinichloride is 
amorphous. The gold chloride test is very sensitive, much more so than with 
atropine or hyoscyamine; crystals are formed from a 1 : 1,000 solution, consisting 
of rosettes of plates with coarse saw-like edges. Crystals are not formed with 
iodine in potassium iodide solution as readily as by atropine or hyoscyamine. 
Wormley’s reagent (bromine in hydrobromic acid) gives an amorphous precipi¬ 
tate, which soon becomes crystalline. Hyoscine gives Vitali’s test, and dilates 
the pupil of the eye. It is racemised by alkali in the same way as hyoscyamine. 

Hyoscine hydrobromide, C^H^^N.HBr.SHjO, is the salt chiefly used 
in medicine. When anhydrous it melts at 193° to 194°. [a]^J° —25*9° (in 
water). 

Apoatropine, Atropamine, C 17 H 81 O s N. Apoatropine occurs in belladonna 
root. It is an anhydride of atropine, forming tropine and atropic acid on hydro- 



SOLAN AC BOUS ALKALOID 


245 

alii sable salts. It i a 
- Apoatropinc is formed 
snbyclrides. The auri- 


lysis. M.p. 60°. Apoatropine forms a series of easily 
optically inactive, and does not dilate the pupil of the ey 
from atropine'by heating with acetic or phosphoric 
chloride melts at 110° to 112°. 

Norhyoscyamine, C ll H tl O # N. The presence of no 
shown in several species of solanaceous plants by d 
notably Datura Metel and D. meteloides. It may be sepa 
by extracting the greater part of the latter with ether, 
the oxalates and fractionally crystallising. Norhyoscyamine differs from hyos— 
cyamine in that a hydrogen atom is attached to the nitrogen ato ™ place of » 

methyl group. Norhyoscyamine melts at 140°. [ocJr> -23-0° (*** 50 per cent 

alcohol). It is slightly soluble in water, but soluble ixm. alcohol, chloroform, or 
ether. The aurichloride melts at 178° to 179°, and the picrate at 220 . _ O 
hydrolysis norhyoscyamine gives nortropine and tropic acid. It; is racemis 


hyoscyamine has been 
nd Reynolds (11), 
from hyoscyamine 
then converting into 


by alkali to noratropine. On treatment with metbyl iodide, hyoscyamine 

formed. _ , . . - 

Homatropine, CuH^O.N. Phenylglycolly tropein «r * it mat* 

Homatropine (XXIX) is the most important of the artif icial tr °P. ^ througf 

prepared by passing hydrogen chloride gas for three to fc»jD r ^ o £ water 
mixture of 7 parts of tropine, 10 parts of mandelic acid »x*d ^ P a 

CH,—CH-CH, 

I I 

NMe CHO.CO.CH: 

I I ^ 

CH,—CH-CH, 


C.Hi 


XXIX 



It will be seen that homatropine differs from atropin 
group in place of the — CH,0H group of tropic add¬ 
in prisms. M.p. 99° to 100°. It is slightly soluble in 
in alcohol, ether or chloroform. Homatropine does ^ 

resembles atropine in its physiological actions, and ^ __ 

Homatropine aurichloride is first precipitated as an oil, Z& the salt 

crystalline. Homatropine hydrobromide, C 13 H n OaT^ - ^ ^ readily soluble J 


a hydro 
crystalli 

‘and* readily soluh^ 
- vc Vi tab's test. 

_ %werful mydri ati 

^icha ^^ 1 ^ 418 becor^ 
hlC the salt 


commonly used in medicine. It melts at 217° to 218 
water. Homatropine methylbromide, C 17 H, t 0,NBr, 


and 
:lts S* 


191 


to 192 c 
4-man deJo 




water, nomatropme metnyiDromiae, ^ 17 n, 4 u,XNt>r, ,s 

Eucatropine hydrochloride, C 17 H„0 8 N.HC1, e i^s at 183° to IQq 

1 : 2 : 2 : 6-tetramethylpiperidine hydrochloride. The aal^ ^„„_ooint of the sy^ 


diacetorwm 

f^^ihanol - 


Jtramethylpiperidine hydrochloride. 

it is very soluble in water, alcohol or chloroform. Th« _ _ 

thesis is mesityl oxide (XXX) which reacts with ammoni® t 5 > - n ethanol to 
(XXXI) whose acid oxalate is reacted with diethyl aCet: a Icohol and 

vinyldiacetonamine (XXXII); reduction to the secondary with mandej 

lation with methyl iodide gives XXXIII, which is & Eucatt°pi nc 

add in hydrochloric add at 80° to form eucatropine 
chloride is used as a mydriatic. 
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CHAPTER VII 


Ipecacuanha Alkaloids 


of 


(Brot.), A. Rich, 
osso ipecacuanh 
total alkaloids o 
similar but th 


Ipecacuanha root is obtained from Cephaelis ij 
which grows in Brazil. The variety known as Rio or JVIatto 
is obtained from this species and contains 2 to 3 per 
which 66 to 72 per cent is emetine. Minas ipecacuanha is - 

proportion of emetine is about 60 per cent of the to tail alkaloids. Carthagera 
ipecacuanha (probably from Psychotria acuminata Karsten.) and the icaragti 
variety, which is very similar, contain only from 30 to 40 and. 20 to P er cen 
of total alkaloids respectively. The Indian or Johore variety is very 
appearance and the alkaloids contain about 50 per cent of ei netine. 

The alkaloids of ipecacuanha are: 


similar i 


emetine C M H 40 O 4 ISr 2 

cephaeline C28H3 8 0 4 r s J 2 

psychotrine ^28^380 4 I' V J S 3 

0-methylpsychotrine 
emetamine C^H^C^P-J * 


The relationship of these alkaloids is illustrated in the 


diagr am- 


Cephaeline 
+ Me 


+ H S 


Psyc 


Emetine 


+ H S 


O-Methy 


hotrine 

-(-Me 

f 

psychotrine 


H 


2 


Cephaeline 

-f- Me 




*r<?Emetine 

J +2H, 

J3r« eta mine 


ea ch contain foi,^ 

Emetine, hoemetine, 0-methylpsychotrine and emetann nc rnin three inetnox;^. 
methoxy groups; cephaeline, trocephaeline and psychotrine the ‘phen ol|, 


r»e 


groups and one hydroxyl group and are therefore ^ crlC *T Vrrl e <l ipecacuanha by 
alkaloids’. The total alkaloids may be extracted from p oV ' r eI _ c j light petroleum*. 

’, amyl alcohol or a mixture of benz en ® a made alkaiirj e 

d with dilute hydrochloric acid t:E» e allcaloids, wit^ 


extraction with ethanol 

the solvent is extracted with dilute hydrochloric 
with ammonia and the alkaloids are extracted with ether- 
the exception of psychotrine, are dissolved by the ether, 
extracted from the aqueous liquid with chloroform 
acetone. The ethereal solution is shaken with sodium 
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^Vll 


^ychotrine may b e 

? ^rV«t^U> sed L fl V» 

arid .f which the 

hydroxide m 
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cephaeline dissolves; after the addition of ammonium chloride the cephaeline 
can be extracted with ether and crystallised. The ethereal solution containing 
the remainder of the alkaloids is concentrated and the residue is converted into 
the hydrochloride, hydrobromide or hydriodide; the emetine salt crystallises out 
and the remaining alkaloids are converted into the acid oxalates in ethanolic 
solution; the crystalline arid oxalates of O-methylpsychotrine and emetamine are 
deposited. These are separated (1 to 7) by fractional extraction from chloroform 
solution by dilute arid. 

Emetine. C M H 40 O 4 N 1 . (XIII, R=Me). Emetine contains two uoquinoline 
rings; it is converted to O-methylpsychotrine on gentle oxidation but by boiling 
with ferric solution a red compound rubremetine is formed; in this reaction eight 
hydrogen atoms are lost, one nitrogen atom becomes non-basic and the other 
quaternary. 

Synthesis. The structure of emetine was established by degradation in 1949 
(8, 9) and has been confirmed by synthesis by Evstigneeva and his colleagues in 
Russia in 1952 (10). Emetine contains four asymmetric carbon atoms and is 
therefore one of sixteen possible optical isomers. The route followed for the 
preparation of the isomer that occurs in nature was as follows. 


/ 

OC 

\ 


CH a COOEt 

CH a COOEt 

I 


> 


CH a COOEt 


/ 

AcOHC 
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CH s COOEt 

II 


CH a COOEt 

/ 

* HC 

\ 

CHCOOEt 

III 


EtOOC. CH(CN)—HC 
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CHjCOOEt 
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IV 


CH 8 COOEt 


-* EtOOC. CEt(CN)—HC 


/ 

\ 


CH a COOEt 


CH 8 COOEt 


Et CH s COOEt 

\ / 

-> CH—CH 

/ \ 

CN CHjCOOEt 

VI 
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which the enolic hydroxyl groups were chlorinated and elimination of hydrogen 
chloride led to ring closure and the formation of a quaternary chloride (XII). 
As a final step the unsaturation at the two nitrogen atoms was reduced with the 
formation of emetine (XIII) identical with the natural alkaloid.* 

Properties. Crystalline emetine has been prepared by Foster and Norgrove 
(11). It melts at 104° to 105° and has [oc]?=—24*4° (c=l*8 in 50 per cent 
ethanol). Commercial emetine is amorphous and has a lower melting-point. 
On exposure to air it slowly becomes yellow. It is a strong base and forms 
stable crystalline salts. It gives a green colour with Frohde’s reagent. 
The hydrochloride, B .2HC1.7H t O, melts at 235° to 255° (dec.) and has 
[«]? +H° to -f-2l° (c=l to 8 in water), but the hydrochloride prepared from 
crystalline emetine has [a]?=17-7° (c=5 in water). The hydriodide is sparingly 
soluble in water and melts at 235° to 238°. 

Emetine bismuth iodide is a double iodide of emetine and bismuth; it is 
prepared by adding a solution of bismuth carbonate in hydrochloric acid and 
potassium iodide to a solution of emetine hydrochloride. An orange-red preci¬ 
pitate is formed which is filtered and washed. It contains from 25 to 28 per cent 
of emetine and from 18 to 21 per cent of bismuth. It is used in the treatment of 
amoebic dysentery. 

Cephaeline. C 18 H 38 0 4 N 2 . (XIII, R=H). This alkaloid is of importance 
because it may readily be converted into emetine by methylation, thus increasing 
the yield of the costly alkaloid emetine from ipecacuanha. Treatment with 
methyl sulphate forms emetine together with N-methylcephaeline and N- 
methylemetine. Cephaeline melts at 120° to 130° and the [a] D is —43*4° (in 
chloroform). 

* For another synthesis of emetine and a discussion of its stereochemistiy see M. Barash 
and J. M. Osbond ( Chem . fif Ind. 1958, 490) and A. Brossi et al. (ibid., 491). 
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CHAPTER VIII 


Curare Alkaloids 


Curare is an extract prepared from various plants by the Indians of Sovrtl 
America and used by them as an arrow poison. The characteristic physiologic^ 
action of curare is the loss of the normal motor-nerve control of the voluntz*.ar 
muscles. The botanical source of curare was for long a mystery, partly becavxs 
the ingredients vary in different regions and because many innocuous plants 
added. Humboldt believed that the toxic constituents were members of tl 
genus Strychnos, especially S. toxifera. While members of this genus are ^» 
doubtedly used, present-day knowledge makes it certain that the most valua.1; 
ingredients are species of Chondrodendron particularly C7h. astern, whicVv 

the main source of the valuable alkaloid (-f-)-tubocurarine. ‘This alka oi ^is 
most effective in producing the characteristic curarising action on t e 
without other undesirable pharmacological effects, though other a a oi 
curare are more potent. named f 

Formerly, three varieties of curare were recognised in comrnerce^ ^ calal^T^ 

the type of container in which they appeared, bamboo-° r m o St Cli ^ * 

curare and pot-curare. Though this distinction no longer ^ol ^ m<> 

being filled into tins, the constituents of these varieties are differen 

the published work refers to one or other variety. chief typ^. 

It has been known for many years that curare contains tvV ( ’ __ t» as es kr> ^ 
physiologically active alkaloids; those of the first type are quaterna^^ second ^ ^ 
as‘curarines’, and produce the typical muscle paralysis; thnsen orJ t j, e ^ 
are tertiary bases known as ‘curines’ and have a direct err 
pressure. elucidated, 

In so far as the constitution of curare alkaloids has heen e c j as sified 

them have a bisbenzyltroquinoline structure and have b>cen , ont j r0 dencJ,_ 

King (1) into two types—the bebeerine type (I) and the 

type (II). The alkaloids (+)-tubocurarine, (4-)- and C "^ C-fi-)"P roto cr^^ 
curine] and (-)-chondrofoline belong to the bebeerine _ <^chr> riC * rOC * en<: i r -^ 

dine, neoprotocuridine and (+)-wochondrodendrine to the 
type- _, 


NMe, 


0 ™° 


oM e 


MeO OH 





Me a N 
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Other alkaloids occurring in curare are the toxiferins and curarines isolated 
from calabash-curare. Alkaloids closely related to tubocurarine have been 
isolated by King and others from various species of Chondrodendron. 

Tubocurarine. (-f )-Tubocurarine commonly occurs in Ch. tomentosum, but 
H. King (2) has reported on a specimen of this species from Northern Peru 
which contained (—)-tubocurarine. The constitution of tubocurarine has been 
elucidated by H. King (3) and confirmed by J. D. Dutcher (4). When (-f )- 
tubocurarine is methylated, (-j-)-tubocurarine dimethyl ether is formed in 
which the two OH groups are methylated. 

The salt used in medicine is (+)-tubocurarine chloride, (I), C„H..O,N 1 Cl,. 
5H,0. M.p. 274° to 275° with effervescence. [a]5 (c=l*2 in water) +210° 
to -f220° calculated to the anhydrous salt. 

(-f-)-Tubocurarine may be extracted from curare by the following process 
described by H. King (5). The total alkaloids are extracted from the drug by 
means of dilute tartaric acid. The tertiary alkaloids are removed by treatment 
with sodium bicarbonate and extraction with organic solvents. • The quaternary 
bases are precipitated first as phosphotungstates and then as their mercuric 
chloride double compounds. The latter are suspended in water and decomposed 
by hydrogen sulphide. Mercuric sulphide is precipitated and the aqueous 
solution after evaporation to small bulk deposits crystals of (-f)-tubocurarine 
chloride (6). 

(-f)-Tubocurarine chloride gives a blue colour with the Folin-Ciocalteu phenol 
reagent. (-t-)-Tubocurarine dimethyl ether is more potent in curarising action 
than (-f )-tubocurarine. 

For a review of the chemistry of the curare alkaloids see Karrer (7). 
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CHAPTER IX 


Coca Alkaloids 


The coca leaves of commerce are obtained from species of ZrCryythroxylon—viz. 
F coca, and E. truxillense. These were originally all derived from South 
America, but are now grown in Java and Ceylon. Peruvian coca eaves 
contain a large proportion of cocaine, and are derived _ fVonn - ™«nt^e 
Tava leaves contain chiefly cinnamyl cocaine and little cocaine. X ** ,. g 

of total alkaloids in coca leaves varies from 0-6 to 2-0 per cent: or more, g 

to the source. The following alkaloids have been found in coon eaves. 

Cocaine, Cj7H 2 i0 4 X. 

Cinnamyl cocaine, C 1# H 83 0 4 N. 

a~Truxilline, C 38 H 48 0 8 N 3 . y-Isatropyl cocaine. 
p-Truxilline, C 39 H 48 0 8 N 2 . <5-Isatropyl cocaine. 

Benzoyl ecgonine, C B H 14 (C0.C a H 5 )0 3 TsT. 

* q£* c mnc. 

These constitute the cocaine group, and are all derivatives 

Tropacocaine, C 15 Hi 9 0 2 N. Benzoyl-y-trop e * ne 

readily related to the 

This alkaloid, being a derivative of y-tropine, is more 
atropine group. 

Hygrine, C 8 H 16 ON. 
p-Hygrine, C 14 H 24 ON 3 . 

Cuscohygrine, C 13 H 21 ON 2 . ^ lc ,ids. Theyhave 

The last three form a group quite distinct from the othe r a 
no physiological action. SO rn«~ 

Cocaine. C 17 H 21 0 4 N. c0 cu ’ o0 rted for 

Manufacture. Cocaine is chiefly prepared from J a va j c . a vcs and c ^ ^ oca ine i a 

0 r sodiurrx 


crude alkaloid is made in South America from Peruvian 


further purification (1, 2). Bignon’s method for the man 1 -* lirn e 


factor 

light petrokun^ 

«'' ,h ‘‘ed by shaking 
rerri lution 


soi 


by 


dLro 


is ther\ 

chlorides 

-vvith th 


as follows - , the powdered leaves are thoroughly digest^ 
carbonate and a little water, and then thoroughly extract e 
The alkaloids pass into the solvent, from which they 

with dilute hydrochloric acid, avoiding excess. The j „—, e 

evaporated, and a strong solution of the crude allelic** is xl^ e , C ^ 0 ut at tin 5. 
■htained. If the coca leaves used are rich in cocaine, ... liquo. 

Peruvian leaves, the larger portion of the cocaine may ^ ^ T h e r^va leav 

point in a crude condition and purified by reerystalli satlt '^ reS _ 

may then be treated by the same process as for Java len 
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contain little cocaine, the mixed hydrochlorides consist chiefly of cinnamyl 
cocaine. This mixture is, therefore, hydrolysed to ecgonine by boiling for an 
hour with dilute hydrochloric acid. On pouring into water truxillic acid is 
thrown down. The liquid is filtered and evaporated. Ecgonine hydrochloride 
crystallises out, and is washed with alcohol. The ecgonine is set free by adding 
sodium carbonate and extracting with dilute alcohol. The solvent is evaporated 
off, and the ecgonine is then benzoylated by digesting with benzoic anhydride 
for one hour. The excess of benzoic anhydride and benzoic acid is removed by 
extraction with ether. 

HC1 

C 9 H 18 0 8 N(CH 8 ).C # H 7 0 -► C s H 16 0 8 N + CgH s O t + CH s OH 

Cinnamyl cocaine Ecgonine Cinnamic acid 

C,H u O # N + (C 8 H 8 C0) 8 0 -► C # H u O # N.COC 6 H 6 + C,H # COOH 

Ecgonine Benzoylecgonine 

The residue consists of benzoyl ecgonine containing some ecgonine. The latter 
is removed by washing with water. The benzoyl ecgonine is now methylated by 
treatment with methyl iodide and sodium in methyl alcohol. Cocaine is obtained 
in quantitative yield: 

C 8 H 14 0 8 N.CO.C 8 H 8 + CH S I -► C 8 H 18 0 8 N(CH 8 ).C0C 8 H 6 + HI 

Benzoylecgonine Cocaine 

The cocaine thus obtained is purified by recrystallisation of the hydrochloride (3). 

The crude cocaine obtained from Peruvian coca leaves in South America is 
obtained by extracting the leaves with dilute sulphuric acid, making alkaline 
with sodium carbonate, and extracting the alkaloid with petroleum. The alkaloid 
is again removed from the petroleum by thorough shaking with dilute sulphuric 
acid, and the crude base is reprecipitated by sodium carbonate. In all methods 
for the separation of cocaine prolonged contact with acid or alkali must be 
avoided owing to the ease with which it undergoes hydrolysis. 

Constitution. Cocaine is readily hydrolysed with the formation of ecgonine, 
benzoic acid and methyl alcohol. It is, therefore, considered to be the benzoyl 
derivative of the methyl ester of ecgonine. Ecgonine, C 9 H 16 0 8 N.H 8 0, melts 
at 205° (when anhydrous). Ecgonine readily reacts with acid chlorides or acid 
anhydrides to form acyl derivatives. It is also readily esterified. These facts 
point to the presence of a carboxyl and a hydroxyl group in ecgonine. A molecule 
of water is easily removed from ecgonine to form anhydroecgonine, C 8 H 18 0 8 N, 
which still contains the carboxyl group. When anhydroecgonine is heated with 
hydrochloric acid at 280°, tropidine is formed (see Atropine). Evidently, there¬ 
fore, ecgonine is a carboxylic acid of hydroxytropidine. When ecgonine is 
oxidised with chromic acid tropinone, C 8 H 18 ON, tropinic acid, C 8 H 18 0 4 N, 
and ecgoninic acid, C 7 H n O a N, are formed. With permanganate norecgonine, 
C 8 H 18 O s N, is formed. Ecgonine is represented by formula I. The relationship 
to tropine (II) is evident. 
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Anhydroecgonine (III) and norecgonine (IV) are, therefo 

follows: 
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Cocaine has the constitution V: 
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VI 


number of optically 

Since ecgonine contains four asymmetric carbon atoms, a n clivideH into two 
active stereoisomeric forms are possible. The latter may t»o * arrie side of 

pposite sides (the 
* - ves have been 
been found in 
and a 


on 


Have 

of ecgomne, 


groups, according as the hydroxyl and carboxyl groups are 
the molecular nucleus (the cis forms) as in formula I, or on °1 
trans forms) as in formula VI. The cis forms and their 
distinguished by the Greek letter y). Two forms of cocaine 

coca leaves—viz., (— )-cocaine, a derivative of the cis form "iG ethyl potassium 
(-i-)-cocaine. Both of these forms have been synthesised j H) and succin- 

acetone dicarboxylate (IX) is condensed with rnethylami^ o?c ybc acid (X): 

Car _cH-COOC H 3 

CH.COOCH, CH,-CH 


j - x - , -- -- - J 

dialdehyde (VII), forming the methyl ester of tropinone 
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By reduction a mixture of ecgonine esters (XI) is obtained. From this mixture 
a (±)-ecgonine ester is separated, which, on benzoylation, gives a (i)-cocaine, 
which may be resolved into two optically active constituents, one of which is the 
naturally occurring (-f )-cocaine. From the residual ecgonine esters a racemic 
cocaine is separated which, by fractional crystallisation of the bitartrates, gives 
(—)-cocaine identical with the naturally occurring alkaloid. The recent work on 
the production of succindialdehyde (see atropine, p. 241) would therefore make 
the commercial synthesis of cocaine a possibility, if it were desirable. 

All natural alkaloids derived from tropine have the tram configuration and 
those related to y-tropine the cis configuration (5). 



Cocaine is therefore (—)-3a-benzoyloxy-2a-carbomethoxytropane and yr- 
cocaine is the 2a: 3 /?-epimer. Substituents are denoted by ft or a according to 
whether they are on the same side or on the opposite side respectively of the 
general plane of the ring as the 2>NR bridge. 

Cocaine crystallises in colourless monoclinic prisms. It melts at 98°. 
[a] D —15-8°. Cocaine is strongly alkaline, and may be titrated with add. A 
solution of cocaine, when applied to the tongue, causes a numbness which lasts 
for a few minutes. When applied to the eye it causes mydriasis, but it is not so 
intense as that produced by atropine and the related alkaloids. Cocaine gives no 
characteristic colour reactions. When Vitali’s test is applied to cocaine (evapora¬ 
tion with strong nitric add followed by the addition of alcoholic potassium 
hydroxide), no colour is produced, but an odour variously described as resemb¬ 
ling citronella or peppermint is given off. When cocaine hydrochloride is 
warmed with alcoholic potash, an odour of ethyl benzoate is observed. Cocaine 
forms characteristic crystals of cocaine permanganate when treated with 
potassium permanganate. The permanganate is not reduced, as is the case with 
dnnamyl cocaine and other impurities. Cocaine forms an aurichloride, which is 
thrown down as a crystalline precipitate from dilute solutions. Under the 
microscope, the crystals appear as delicate feathery rosettes. Platinic chloride 
also forms crystals in dilutions up to 1: 4,000. 

Cocaine hydrochloride. C 17 H 21 0 4 N.HC1. This is the most commonly 
used salt of cocaine. When pure, cocaine hydrochloride melts at 191°. When 
0*1 g of cocaine hydrochloride is dissolved in 85 ml of water and 0-2 ml of 
40 per cent ammonia solution are added, on rubbing the sides of the vessel with 
a glass rod a crystalline precipitate of cocaine is thrown down, leaving the 
supernatant liquid clear. If the solution becomes milky, the presence of amor¬ 
phous alkaloids is indicated. 

The nitrate and sulphate of cocaine are also used in medicine. 

Cocaine was formerly a most valuable local anaesthetic but has now been 
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almost entirely displaced by synthetic compounds. Owing to its action on the 
central nervous system cocaine is a habit-forming drug, and numerous synthetic 
compounds have been P re P ared > with the intention of preserving the local 
aesthetic effect and eliminating the other undesirable actions (see Part I, 
Chanter IV). The action of cocaine has been shown to be essentially dependent 
^ the fact that it is an aminoalkyl ester. If the -COOCH 3 group is removed we 
° n trop^cocaine which is still active. Benzoylecgoni ne, however, is inactive. 
have that the bridged nitrogen ring is not necessary to the activity of 

It apP nor is even the presence of a simple ring an essential. Norcocaine, in 

^h^'he methyl group attached to the nitrogen atom is replaced by hydrogen, 
rnore active than cocaine. It has been found that ( — t— )-y-cocainc is a more 
* e ' et f u l an aestheticthan(±)-cocaine. The( + )- forms are more active and less 
po\ver t j ie / — )- forms, and the forms are less toxic titan the ordinaryforms. 

‘° Trooacocaine, C IS H„0,N, found by Giesel in 1891 in coca lave, i, 

. « 7 r»vl-w-tropeine. Tropacocaine melts at 49°, is very si i ghtly soluble in water, 

. C so v u ble in alcohol and ether. It is optically inactive- *T* ropacocaine ydro- 

chloride forms white needles or rhombic crystals, easily soluble in water, meting 

at 271°. The aurichloride melts at 208°. 

In the fact that it is a yi-tropine, and not an eegonine deri vati^ve, tropacocaine 
forms a link between the coca alkaloids and the solanaceous a^ 'phe'action 
i|?-troplne may be converted into tropine with which it is isomeric, medicine to 
of tropacocaine is similar to that of cocaine, and it has been use * 
some extent. 
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CHAPTER X 


Colchicum Alkaloids 

The seeds and conns of Colchicum autumnale contain about 0-3 per cent of the 
alkaloid colchicine. Colchiceine, which has been stated to occur in colchicine, is 
probably formed in the process of extraction; it is easily formed by heating col¬ 
chicine with dilute sulphuric acid. 

Colchicine, C ss H u O«N, (Ila). This alkaloid is prepared from colchicum 
seeds by exhausting with ethanol; the extract is evaporated and diluted with 
water; fat and resinous matter are thrown out and, after filtration, the solution is 
extracted with chloroform. The chloroform solution is evaporated until a 
syrupy residue remains. While warm, small amounts of ethanol are added until 
the whitish masses, which at first separate, redissolve. The liquid is then kept at 
0° until crystals of the chloroform compound of colchicine separate; these are 
suspended in a small quantity of water and the chloroform removed by steam. 
The water is evaporated in vacuo t leaving a residue of colchicine in the form of a 
yellow varnish which softens at 142° and melts at 147°. It has been prepared by 
Clewer, Green and Tutin (1) by crystallisation from ethyl acetate as pale yellow 
needles melting at 155° to 157°; [a]}, 6 ' 5 —120-6° (0*88 per cent in chloroform) 
or —429° (in water). Colchicine can also be crystallised from water as a tri- 
hydrate. It may also be purified by chromatography (2). 

Colchicine is a very feeble base and can be extracted from an acid solution by 
chloroform; it forms no crystalline salts with the common adds, but the auri- 
chloride may be obtained crystalline with some difficulty; it melts at 209°. 
Colchicine dissolves in sulphuric acid to a yellow solution, which, on adding a 
drop of nitric acid becomes green, violet and finallyred. Colchiceine gives an intense 
green colour with ferric chloride solution which is not shown by colchidne. 

Structure. When colchicine is warmed with dilute sulphuric add colchiceine 
and methanol are formed. More vigorous treatment with hydrochloric acid 
gives methanol, acetic acid and trimethylcolchidnic add; colchiceine is therefore 
acetyltrimethylcolchidnic acid. The further action of hydrochloric add is the 
production of three molecules of methyl chloride and colchidnic acid. Fusion 
with potassium hydroxide followed by oxidation with permanganate gives 
terephthalic and benzene-1: 2: 3-tricarboxylic add; direct oxidation with 
alkaline permanganate yields 3:4:5-trimethoxy-o-phthalic add. 

For many years the structure of colchidne (I) proposed by Windaus (3) 
appeared to be the most satisfactory explanation of its properties though it had 
several unsatisfactory features as pointed out by Cook and his colleagues (4,5, 6). 
On the basis of this work Cook (7) suggested that ring B of colchicine is seven- 
membered and Dewar (8) proposed the structure (II) in which ring C is also 
seven-membered. This suggestion was strongly supported by Amstein and his 
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111 t> Kemp and 

colleagues (9) and infra-red studies by Scott and Tarbell C ^ ^ j further 

Tarbell (11) were also in its favour. Horowitz et al. (12) have j>i*o both the 

evidence in favour of the seven-mem bered B ring so that -tine tlie relative 

B and C rings seems to be firmly established. The evidence -J u ced by King, 
positions of the carbonyl and methoxy groups in the C rir*£? a /'TT') but IVluller 
de Vries and Pepinsky (13) was in favour of Dewar’s forn 111 ^ 3 Apcnt (II*) ( 14 ) 
and Velluz have produced evidence for a reversal of this arrang by successive 
so that (II) becomes uocolchicine. Corrodi and Hardegg er " ^ j^_g^lutamic acid 
ozonolysis and oxidation of colchicine have obtained N-acety " ^ j la). 

(Ill) which is a further confirmation of Muller and Velluz’ 3 *?-(January 

The complete synthesis of colchicine has not yet been accornF^^^ preparation 
1958) though some approaches have been explored, notably in 
of compounds embodying the B-ring structure (16, 17). 
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CHAPTER XI 

Steroidal Alkaloids 

Several groups of alkaloids are now recognised as possessing the characteristic 
steroidal carbon skeleton. These may be divided into three groups, (a) aolanum 
alkaloids from the potato (S. tuberosum ), the tomato (S. lycopersicum) and other 
species; (b) veratrum alkaloids from V. album (white hellebore) and V. viride 
(green hellebore) and from sabadilla ( Asagraea officinalis)', (c) kurchi or holarrhena 
alkaloids from Holarrhena antidysenterica and other species of Holarrhena. 

The carbon skeleton is either that of cholestane (I) or the modified cholestane 
skeleton (II). 



Many veratrum and aolanum alkaloids contain the 3/7-hydroxy group and the 
5 : 6- double bond and are precipitated by digitonin. 

Solatium alkaloids. The most important of these alkaloids, which are con¬ 
tained in the potato plant, is solanine , C tf H 7S O u N, which is a glycoalkaloid 
formed from solanidine, C S7 H 43 ON, and a glucosylgalactosyl rhamnose. Solanine 
is not hydrolysed by alkalis but acids convert it to solanidine and sugars. The 
formula III for solanidine was proposed by Prelog and Szpilfogel (1) and has 
been generally accepted. 

Tomatidine, C 27 H 46 O s N, is combined in tomato plants as tomatine with 
glucose (2 molecules), xylose (1 molecule) and galactose (1 molecule). It has the 
structure IV, (2). 
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These alkaloids have not been used in medicine to any extent, though 
tomatidine has a hypertensive action, but the veratrum alkaloids have been 
widely used in the treatment of hypertension. 

Veratrum alkaloids. These alkaloids are obtained from trum album L. 

and V. viride Ait. The hypotensive activity of this group of alkaloids has long 
been recognised, but the therapeutic applications have been limited by the 
frequency of disturbing side-effects and inconsistent action, but the development 
of new methods of extraction and isolation has aroused a ne'W in terest. 

The active principles of these alkaloids have been shown to fc»e esters of poly- 
hydroxylated alkamines and hypotensive potency is closely assoc in ted with the 
presence of ester groups. In general, maximum activity is fourad in a a 01 s 
containing three acyl groups, although diesters and tetraesters nre a so v ^‘ r y 
active (3, 4). The esterifying acids are most commonly vo-rstric, nee tic, ange ic, 
tiglic, methylethylacetic, methylethylglycollic and a/?- d ihya r >X y 1 ^ X Ermine 
butyric acids. The esterified polyhydroxylated amines include CCV ^offermine 
and protoverine. The first occurs in sabadilla seeds fc»ut eSt ^^ ve iy The 

and protoverine predominate in V. viride and V. albt^-rrz respe ■. v 

tertiary bases rubijervine and uorubijervine are devoid ot ny j-' 


as also are the secondary bases jervine and veratramine. 

The presence of labile ester groups in the hypotensive vei 

necessitates the use of extraction procedures which mirumise 
through hydrolysis. Such methods for the preparation ° r , 
alkaloidal esters from commercial V. viride and V. album base 


ratrine alkaloids 
loss of potency 

concentrates of 

on tl'ie work of 


Jacobs and Craig are described in the literature (5, 6, 7). resolved by 

Concentrates of the alkaloidal esters from V. viride have ^.rid protoverine. 
Craig counter-current distribution into esters of both gernu nc estt . r alkaloids: 
Various workers (8) have reported the isolation of the follovviug ^y^^gcr mitrine, 
germbudine, uogermidine, germerine, germidine, gerrnitf» ne *^ p>rcjhab>ly the 
neop rotoveratrine, veratetrine and protoveratrine. The 

dominant hypotensive alkaloid in this drug and structural in ^j i yi[ 7 u t y r i c an 
indicated that it is an ester of protoverine with acetic, oc ' _r, 7j g arc protovera 
methylethylglycollic acids. In V. album the chief ester alkal° t> u t 

tridine, germerine and protoveratrine. - fertiary 

Rubijervine and isorubijervine, C 27 H 13 0 2 N, are isorrrcri _ crV inc f' ab V 

are not interconvertible epimers. The structure of is&ro j ^ stro ctu 

established as V; rubijervine probably has the struct lire 
has been confirmed by converting trorubijervine to solanich lie " 


Str«J« 


rturc 


been 

V 



J 
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Some progress has been made in the elucidation of the structure of the 
esterified alkaloids that possess hypotensive activity (9). Cevine, for example, 
which is esterified with angelic and tiglic acids in cevadine , has the structure 
VIII (10). 



VIII 
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CHAPTER XII 


Miscellaneous AlkalcricZs- 


Aconite alkaloids. Numerous species of Aconitum contain a series of toxic 

alkaloids known as aconitines which are closely related, in. chemical constitution 

but vary from species to species; a second series known as 43 . t is tries are on y 

slightly toxic; they are not used in medicine. The aconitines are d i acy esters^ o^a 

series of polyhydric amino alcohols known as aconines - 'A'^ e constitution o 

. . . r- • , ...... , „«-M«rture I has been 

aconitine has not yet been definitely established, but the s*- 1 ^ , 

attributed to aconitine, in which the relative positions 

methoxy groups in positions (a), (b), (c) and (d) is uncertain C A )- 



O IVle(a) 


I 


The two most important alkaloids are aconitine den ve 
napellus Linn., the common monkshood, and japaconitine ^ rOI T' 
A. undnatum Linn, var .japonicum Regel. It is not certain w _ 
is identical with aconitine, but, if not, they are certainly isofh e 
The presence of an alkaloid in aconite was reported by 


from 

Japhn ese 

r jaP aC 


ylcotiituM 
aconite* 
onitine 


( 2 ) 


Geig er 


^ f0 ves ( ^ ■ 

and aconitine was first obtained in crystalline form by is 

contains about 0-5 per cent of total alkaloids of which abo tit ^ t>tit 


Aconitine, C^t^CRN, occurs in many species of t>u.t p 

of the alkaloid is A. napellus. It is now little used in m e< i lCl ^^y n es- 
of aconite are sometimes used in the form of liniments as :,n °_ 


turn ^Reparations 


... jslajirna, 

4^ -) [^i l' ' l’' 

Aconitine melts at 202° to 203° and has [a] D + 14-6° o r >^ c ^p f .2 -^ __ 3 I 1 2 ^ 

-fl8-7°. The salt generally used is the hydrobromide, ® U 3 

(anhydrous) 206° to 207°], [a] D —30-8°. The aurichloride* 
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melts at 136-5° or, after drying, at 152°. The perchlorate melts at 215° to 222°. 
Aconitine produces a tingling sensation on the tongue in high dilution (1 in 
10,000). The most characteristic test is that with potassium permanganate (4) 
with which in dilute acetic acid solution aconitine gives a crystalline precipitate 
consisting of rosettes of red prismatic crystals. 

Aconitine contains four methoxyl and three hydroxyl groups. Hydrolysis 
yields, firsdy, benzoylaconine and acetic acid, then aconine, benzoic and acetic 
acids. Oxidation with potassium permanganate yields acetaldehyde and 
oxonitine (5). 

Preparation. Aconite root is thoroughly exhausted with a mixture of crude 
methanol and amyl alcohol (3 :1 by volume); the methanol is distilled off and 
the alkaloids are extracted from the residual amyl alcohol with dilute sulphuric 
acid (1 per cent). The acid liquid is extracted with ether, made alkaline and 
again extracted with ether; this extract contains aconitine and benzaconine 
leaving aconine in the aqueous solution. After removal of the ether the aconitine 
is carefully neutralised with hydrobromic acid and crystallised as the hydro¬ 
bromide. After dissolving the hydrobromide in water and making alkaline with 
ammonia the aconitine may be extracted with ether from which it may be 
crystallised. 

Ephedra alkaloids. Several species of Ephedra contain the alkaloids (—)- 
ephedrine and (+)-y>-ephedrine accompanied by smaller amounts of related 
alkaloids such as (—)-N-methylephedrine, iior-(+)-y>-ephedrine, (-f)-N- 
methyl-y-ephedrine and (—)-«orephedrine. The ephedrine of commerce is 
mainly prepared synthetically. Ephedrine may be separated from y-ephedrine 
by extracting the mixed hydrochlorides with chloroform in which the former is 
almost insoluble but the latter dissolves readily (6). On boiling with 25 per cent 
hydrochloric acid ephedrine is partially converted to y-ephedrine, an equilibrium 
mixture of the two compounds being formed. Ephedrine and y>-ephedrine are 
isomeric but they do not possess equivalent optical rotations in opposite directions 
and are therefore not optical antimers. The structure of ephedrine may be repre¬ 
sented by (II) showing two asymmetric carbon atoms (•) and two unequal halves 
of the molecule. In (—)-ephedrine (III) the rotation of the two halves is in 
opposite directions, but in (-j-)-y-ephedrine (IV) the rotation of the two halves 
is in the same direction. Thus (+)-y>-ephedrine is more dextrorotatory than 


(—)-ephedrin e is laevorotatory. 

Me 

H—C*—NHMe 
_ 1 __ 


Me 

1 

-C-NHMe 

| 

Me 

i 

H- 

1 

H—C—NHMe 
| 

H—i*—OH 
| 

H- 

1 

-C—OH 

HO—C—H 

c.h 5 



__ C.H* _ 

II 


III 

IV 


Both ephedrine and ^-ephedrine yield methylamine and benzaldehyde with 
dilute potassium permanganate, both give a nitroso compound and on deamina- 
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showing that 


tion yield a nitrogen-free compound with the formula 
both are secondary bases containing a methylamino group _ 

Ephedrine. l-Phenyl-2-methylaminopropan-l-ol. C 10 H 15 ON. (VIII). 

Synthesis. Many syntheses of ephedrine have been published (8 to 14). For 
example Nagai and Kanao (12) condensed ben 2 aldehyde 'w 1 1 hi nitroethanc to yield 
2-nitro-l-phenylpropanol (V) which, by reduction gave 2-hydroxyIamino-l- 
phenylpropanol (VI). Treatment with formaldehyde formed a methylene- 
nitrone (VII) which reduced to (±)-ephedrine (VIII). This was resolved into 

the isomerides by crystallisation of the (-|-)-tartrate and the (- )-tart rate in 

succession, the (—)-alkaloid being identical with natural y»-ephedrinc. The 
mandelic acid isomers have also been used as resolvi ng agents (lO). 


CgHgCH—CHMe 

I I 

OH N0 2 
V 


CgHgCH- 


OH 


-C(OH)Me 

I 

NH a 


VI 


—> C 6 H 6 CH—CHMe * C,H 5 CH 


a* 1 ®' 


OH N 


OH 


-CHMe 

NHMe 


0 - 


VII 


-CH, 


VIII 


( —)-Ephedrine may be synthesised without the 
compound by a method based on the discovery that 
(IX) can be produced by the fermentation of glucose 
IX can be condensed either simultaneously or 
under pressure in the presence of colloidal platinum 
(—J-ephedrine (VIII). 


a n« 


8 H 5 CHO 


+ ch 3 cho 


CgHgCHOH. COM e 


of the racemic 

• henylacetylca rbin 0 / 
special yeast (13) m 
-vvith hydrogen 

methylaminc to gi Vc 


C s H 6 CH CIIXi 


I 

OH 


I 


NffAf e 

VIII 


idrine. 

to 


4 1° when 


to 


Ephedrine b 0 H 


IX 

This is the basis of the commercial production of 
Properties. Ephedrine, (C 10 H 16 ON) 2 .H 2 O, melts 
previously dried; the anhydrous alkaloid melts at 33° 
at 225°. The hydrated form occurs as colourless 
anhydrous it is a very deliquescent solid. Ephedrine 
water, ethanol, ether, glycerol and fatty oils; it dissolves 1,1 - ves a clear soiuti 0j ^ 

paraffin with separation of water whereas the anydrous a re action takes p|_ (c ' 


not 


epb e 
at +0 

37-5°- - , 

.^agonal crystals; \ v}) 

(hyd™ 16 ' 1 } is 80, “, bfc .o 

in chloroform or l 1(|1Jid 




When a chloroform solution is evaporated on a water 
which results in a conversion of the alkaloid to 


-hath 
the 


hydrochloride 


ace 

*hh 
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decomposition of the chloroform. (—)-Ephedrine oxalate is very sparingly 
soluble in water in contrast to (+)-y>-ephedrine oxalate which is soluble. Both 
(—)-ephedrine and (-J-)-y-ephedrine give a purple colour when 1 ml of a 
solution of the alkaloid is treated with 0*1 ml of a 10 per cent copper sulphate 
solution followed by 2 ml of 20 per cent sodium hydroxide solution (biuret 
test); on shaking with ether the ether layer is coloured purple and the aqueous 
layer is blue. The [a]i° of ephedrine is —6*3° (in ethanol) and -J-11-2° (in 
water. 

Ephedrine is volatile in steam and may be separated from most other alkaloids 
and from its preparations by this property (7). (-}-)-y>-Ephedrine melts at 117° 
to 118°. 

Ephedrine hydrochloride, C 10 H U ON.HC1, forms colourless needles 
melting at 217° to 219°; [a]? —33° to —35*5° (c—5 in water); it is soluble in 
water or ethanol. 

Ephedrine sulphate, (C 10 H 15 ON) s .H 8 SO 4 , forms hexagonal plates melting 
at 235° to 236°; [a]? —30°; it is soluble in water but sparingly soluble in 
ethanol. 

The pharmacological action of ephedrine is very similar to that of adrenaline, 
but the pressor and vasoconstrictor activity is slower and more persistent. In 
contrast to adrenaline it can be administered orally. 

Pomegranate alkaloids. The alkaloids of the root bark of the pomegranate 
tree (Punica granatum L.) are used in the form of their mixed sulphates or 
tannates (known as ‘pelletierine’ sulphate or tannate) in the treatment of tape¬ 
worm. At least four alkaloids have been isolated viz. pelletierine , methylpelle- 
tierine , pseudo pelletierine and methylisopeUetierine. Some doubt exists as to the 
identity of these alkaloids since the alkaloid formerly known as tiopelletierine has 
been shown to be identical with pelletierine (15). Pelletierine, /veudbpelletierine 
and methyltfopelletierine have been identified as constituents of ‘pelletierine 
sulphate* by paper chromatography (16). 

Constitution. Pelletierine was for many years regarded as 2-piperidinepro- 
pionaldehyde (X) (17), but the synthesis of this compound (18) has shown that 
it is not identical with pelletierine. Probably it has the structure (XI) formerly 


assigned to tfopelletierine. 



(^CHaCH.CHO 

(^)ch 2 coch 3 

C^CHaCHaCHj 

N 

N 

N 

H 

H 

H 

X 

XI 

XII 


Reduction of pelletierine with sodium in ethanol at 156° to 170° gives 
(i)~coniine (XII). Compound XI has been synthesised (19). 2-/?-Hydroxy- 
«-propylpyridine (XIII) was hydrogenated to 2-/?-hydroxy-n-propylpiperidine 
(XIV) which, on oxidation with chromic anhydride, gave XV; this compound, 
when methylated with formaldehyde yielded the N-methyl derivative of XI 
identical with the alkaloid known as methyltropelletierine (XVI). 



MISCELLANEOUS ALKALOIDS 


A 

^ JJCHjCHOH.CHj-** 

N 

XIII 


C^CHjCHOH. CH s 
N 
H 

XIV 


Q 


11 


2.G 

C M 2 COC’I I ;i 

xv 


Qch.coch* 

Me 

XVI 


cl to 111 c 


In /tjewrfopelletierine (XVII) the side-chain in the 2-position is^Joint ^ ^ 


6-position forming a second ring. The relationship to 
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y-20) is interesting 

A synthesis of p«rw<fopelletierine by Menzies and Robinson QI lot*rdiahlclivdc 
in that it could occur in plants under natural conditions- e 3 .ct in aqueous 

(XIX), calcium acetonedicarboxylate (XX), and methyls m i ne lleticnne (X ' //j. 
solution to form XXI which, on decarboxylation, gives 


CH,CHO 
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CH, + 


CH,CHO 

XIX 
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H,NMe + CO Ca 
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Properties. 

Pelletierine. 


oily ( b f. 


ether 


Id 6 5 


C 8 H 15 ON. The alkaloid is a colourless - ~\n water, 

at 21 mm.) that darkens on exposure to air. It is sol** ® into (+) anc ^ ( 
chloroform. It is optically inactive but has been reS<> ^ rsre w^ c £ r efchlortde, 143° t( 
forms (21). The salts have the following melting-points- _ j.icrride, 82° to 82 -5 
144°; pier ate, 150° to 151°; picrolonate , 172° to 173°; <****'**' 

(orange leaflets). _ This alkaj, 


Op 


psewdoPelletierine. N-Methylgranatonine. 


C»H 




crystallises from light petroleum in prismatic tablets melting 


at 


63° to 64°. I t 


Old 


is 
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optically inactive and soluble in organic solvents. The picrate melts at 252° to 
253° (dec.) and the aurichloride at 162° (yellow crystals). 

Rauwolfia alkaloids. The alkaloids derived from Rauwolfia serpentina Benth. 
have been found to be of value in the treatment of hypertensive conditions. The 
drug occurs in India and other Asian countries. The most important therapeuti¬ 
cally active alkaloid is reserpine whose isolation was reported by Muller, Schlittler 
and Bein (22) in 1952, though it has been claimed by Steenhauer that it had been 
prepared by van Itallie and himself in 1932 (23). A number of other alkaloids 
have been isolated from R. serpentina and other species of Rauwolfia but so far 
they have not proved to be of any clinical importance. Reviews of the chemistry 
of these alkaloids have been published (24, 25, 26). With few exceptions the 
reserpine alkaloids are indole derivatives and are related to yohimbine. Reserpine 
has been synthesised (27). 


OH 



XXII 


XXIII 


XXIV 



Reserpine, C ss H 4 0 O a Nj, (XXVII). The structure XXVII was originally 
proposed by Neuss, Boaz and Forbes (28). The alkaloid has been synthesised by 
Woodward et al. (27). By a Diels-Adler condensation of />-benzoquinone and 
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vinylacrylic acid XXII is produced in which three of 


26 ' 


• i t? * r the five hydrogen atom 

in the E ring of reserpine are in the correct orientation. Since there are thirty-twi 
possible arrangements this ring was the initial objective. The compound 2C>w I 
was then reduced to an alcohol and converted to an oxide, lactone, ether ami j 
methoxy ether in turn. The compound XXIII was thus formed in which th* 
five hydrogen atoms are nowall correctly orientated. Treatment with N-bromo- 
succinimide was followed by oxidation to the ketone and conversion to a hydroxy- 
acid, ester acetate and finally to the diol (XXIV). Condensation with 6-methoxy- 
tryptamine (XXV) yields XXVI. The ring C is now closed hut this leaves the 
hydrogen atom at (3) on the wrong side of the molecule. Condensation with 
3 : 4 : 5-trimethoxyphenol gave troreserpine. This can he converted by means 
of a reaction with mercuric acetate to 3-dehydro reserpine which on reduction 
gives (±)-reserpine (XXVII). 

(-)-Reserpine melts at 286° to 288° and has - 1 20° (in chloroform). 

Physostigma alkaloids. These alkaloids are obtained from Calabar beans, 
the seeds of Physostigma venenosum, a plant that grows in "West Africa. Calabar 
beans contain several alkaloids including physostigmi ***? (cjermf), genesertne, 
eseramine and physovenine, but the only one of importance in medicine is physo- 
stigmine which is used for its action in contracting the pupil of the eye. 

Physostigmine. Eserine. C 15 H 2l N 3 0 2 . Physostigmine is the most 
alkaloid of Calabar beans from which it is prepared by extraction < 
with hot ethanol; the solvent is distilled off and the residue is mixed wit jo rum 
carbonate and thoroughly extracted with ether. The extract is s ^ * 1 '' 

sufficient dilute sulphuric acid to neutrahse the alkaloid which cry's a i c 

- - b e separated as the 


abundant 
the seeds 


sulphate on evaporating the solution; the alkaloid may 
salicylate which is less soluble than the sulphate. 


also 


jVTe 


MeO/\C(Me): C(CN)COOEt 

x^/OMe 

XXVIII 


Me 






Me 



XXXII 
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Synthesis. Physostigmine (XXXII) is a monoacidic tertiary base. When 
heated in vacuo or with alkali eseroline, C 1 ,H lg N,0, is formed together with 
methylamine and carbon dioxide. Since eseroline (XXXI) is readily converted 
to physostigmine it is the objective of the several syntheses that have been 
published (29, 30). Of these the most recent is that of Harley-Mason and 
Jackson (31) starting with 2: 5-dimethoxyacetophenone which was condensed 
with ethyl cyanoacetate to give ethyl l-cyano-2-(2:5-dimethoxyphenyl)- 
crotonate (XXVIII) which was converted by treatment with potassium cyanide to 
oc-(2 : 5-dimethoxyphenyl)-a-methylsuccinonitrile (XXIX). Hydrogenation over 
platinum oxide in the presence of hydrochloric add gave 2-(2: 5-dimethoxy- 
phenyl)-2-methylbutane-l : 4-diamine (XXX) (R=Me, R'=H). This with two 
molecules of benzaldehyde formed a dibenzylidene derivative which, when 
heated with methyl iodide in a sealed tube, gave the NN' dimethyl derivative 
(XXX, R=R'=Me). This was demethylated by boiling hydrobromic add to 
eseroline (XXXI) which can be converted to physostigmine (XXXII) by treat¬ 
ment with methylcarbimide. 

Properties. Physostigmine occurs in two forms: as unstable crystals (m.p. 86° 
to 87°) and in a more stable form (m.p. 105° to 106°). It has [a] D —75-8° to 
—82° (chloroform) and —120° (benzene). The aurichloride melts at 163° to 
165°, the platinichloride at 180° and the picrate at 114°. The most important 
salts are the sulphate, B s .H s S0 4 , which is a yellowish white deliquescent 
powder melting at 145°, very soluble in water or ethanol, and the salicylate, 
B.C 7 H 6 0 8 , colourless or slighdy yellow needles melting at 186° to 187°. When 
a solution of ammonia is added to a solution of physostigmine a white predpitate 
is formed which redissolves, the solution becoming pink. 

Lobelia alkaloids. Lobelia inflata Linn, contains numerous alkaloids. One 
of these, (— y lobeline , has been used in the form of the hydrochloride in the treat¬ 
ment of respiratory depression. Lobeline is a member of a group of alkaloids of 
which other members are lobelanidine , lobelanine, norlobelanidine and norlobeL- 
anine. Lobelanidine on oxidation with potassium permanganate yields lobeline 
and lobelanine; lobelanine on reduction gives lobeline and lobelanidine. Lobe¬ 
line is converted to lobelanidine by hydrogenation and to lobelanine by oxidation. 

Lobeline has the structure: 


C # H 6 . CHOH. HjCl^ ^CH 8 COC e H 6 

Me 

Lobelanidine has been syntheaised by Sheuing and Winterhalder (32). 
Hebky and Kejha (33) obtained a mixture of lobeline, lobelanine and lobelani¬ 
dine by catalytic hydrogenation of 2: 6-diphenacylpyridine p-toluenesulpho- 
methylate. 

(—)-Lobeline melts at 130° to 131° and has [a]!> 5 -42-85° (ethanol). On 
warming with water acetophenone is formed. (—)-Lobeline hydrochloride melts 
at 182° and has [a]? -55-75° to -58-25° (water, c=2). 
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XANTHINE DERIVATIVES 


The compounds of this group which contains caffeine, theobromine and 
theophylline, are derivatives of purine (XXXIII or XX.X.I’V) or they may be 
regarded as derived from xanthine (XXXV). They are not: usually regarded as 
alkaloids, from which they differ in being only feebly basic, but they may 
conveniently be included here. 

They are mild stimulants and diuretics and occur in a number of plants that 
are used for the preparation of stimulating beverages, via:, coffee, tea, cocoa, kola, 
mat6 and guarana. 

Caffeine is a trimethylxanthine, while theobromine and theophylline are 
isomeric dimethylxanthines. All these compounds form sodium compounds, 
dissolving readily in caustic alkalis. 

Caffeine. 1 : 3 : 7-trimethylxanthine, C 8 H 10 O 2 N*, was first prepared m a 
pure condition from coffee in 1821 by several workers almost simultaneous y 
viz. Runge, Pelletier, and Caventon and Robiquet. The compoun prepare 

from tea was at first thought to be a different substance and was calle t tz^rie, u 

its identity was soon established. Caffeine occurs in the following P an 


Plant 

Product 

1 

Percentage of 
caffeine 

Coffea arabica 

Coffee 

1 to 1 *5 

Camellia thea 

Tea , 

1 to * s 

Ilex paraguayensis 

Mat£ 

1-25 to 2 

Paullinia cupana 

Guarana 

3-1 to 5 

Sterculia acuminata 

Kola 

2-7 to 3-0 


• -5 n cocofl* 

Caffeine also occurs in a small amount with theobromine _dust; the tea i s 

Caffeine is prepared commercially from damaged tea o** _ litharge or lead 
exhausted with boiling water and the decoction is boiled -vV * . crystallises out 

acetate. The filtrate is concentrated and the crude caffeine, "W _ foot water. 

on cooling, is purified by sublimation or by crystallisation theobromine or 

Constitution. Caffeine is formed by the methylation ^ or xanthine. / t 

xanthine, and by demethylation can be converted to theophy example, 

may be synthesised in various ways of which the follo' vir1 ^ 



H 


XXXIII XXXIV 


o 

II 
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MeNH 

do 

MelljH 

XXXVI 


MeN-CO 

do <1 h, 

MelsTH CN 
XXXVII 



o 

MeN / \sH t 

X Jnh 

0 NMe 
XXXIX 



Dimethylurea (XXXVI) reacts with cyanoacetic add in the presence of phos¬ 
phorus oxychloride to formcyanoacetyldimethylcarbamide (XXXVII), which, on 
treatment with sodium hydroxide followed by acetic add, is converted to 4- 
imi no-2 : 6-dioxydimethylpyrimidine (XXXVIII) and this, on reduction of its 
oximino derivative, gives 4: 5-diamino-2:6-dioxydimethylpyrimidine (XXXIX). 
This compound condenses with formic add to produce a formal derivative 
(XL) which, on heating, forms theophylline (XLI) which is methylated to 
caffeine (XLII). 

Caffeine crystallises in long silky needles with one molecule of water; it 
sublimes at 179° and melts when anhydrous at 235° to 237°; it is a weak base and 
cannot be titrated with aqueous add, but can be extracted from an add solution with 
chloroform. Caffeine forms an aurichloride (m.p. 243° to 248°). Kraut’s reagent 
(bismuth potassium iodide) gives a heavy amorphous predpitate from a 1 : 1000 
solution that rapidly crystallises in small dark reddish-brown rosettes and even 
in a 1 : 5000 solution small crystals are formed. Mercuric chloride gives needle- 
shaped crystals from solutions of greater strength than 1 :1000. Caffeine is 
decomposed when boiled with lime water or when warmed with sodium 
hydroxide. When caffeine is evaporated to dryness with bromine water or nitric 
add a yellowish residue is left which is changed to a fine purple colour by 
ammonia (murexide reaction). Caffeine is not predpitated by a solution of iodine 
in potassium iodide solution in neutral solution but in the presence of add a 
predpitate is formed. No predpitation occurs with Mayer’s reagent. 

The salts of caffeine are very unstable and are readily dissociated in solution 
with predpitation of caffeine. The citrate, hydrobromide, triiodide, salicylate 
and benzoate have been used in medidne. 

Theobromine. 3 : 7-dimethylxanthine, C 7 H 8 O s N 4 , is found in cocoa beans, 
the fruit of Theobroma cacao , in which from 1 to 3 per cent is found. It is pre¬ 
pared by mixing the fat-free, powdered beans with lime and exhausting with 
80 per cent ethanol; the solution is evaporated to dryness and the residue is 
extracted with chloroform. 
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Theobromine may be synthesised by a similar method to that for caffeine 
starting from methylurea, but, since theophylline is preferred for use in medicine, 
the synthesis has no commercial importance and any that is required is obtained 
from natural sources. Theobromine is readily converted into caffeine by methyla- 
tion with methyl sulphate. 

Theobromine melts at 329° in a sealed tube, but sublimes at 290°. 1 t is very 

slightly soluble in water (1 in 1000) but more soluble in boiling water (1 in 115); 
it is also very soluble in ethanol (1 in 1500) and insoluble in other organic solvents, 
but it dissolves in sodium hydroxide solution. 

Theobromine warmed with nitric acid and bromine, heated until the bromine 
is removed and treated with ferrous sulphate solution and ammonia gives a blue 
colour; with iodine solution it behaves in the same way as caffeine and also gives 
a positive murexide test. 


Theophylline, 1 : 3-dimethylxanthine, C 7 H a O 2 TNT. 


(XLI), occurs in 
under caffeine. The 
diuretic in the form 


hich it 


loses at 100 J 
theobromine 
as caffeine. 


small quantities in tea. It may be synthesised as described 
synthetic product is prepared commercially and is used as £ 
of aminophylline. 

Theophylline crystallises with one molecule of wate r, 'w 
and then melts at 269° to 272°; it is more soluble in ’water than 
(1 in 120) and in ethanol (1 in 80); it gives the same colour reactions 
It forms soluble compounds with alkali metals. _ ixture of these 

Aminophylline. Theophylline with ethylenediamirie, rs a nhvllinc and 

compounds containing from 71-5 to 78-5 per cent of anhydrous - n ^ and is 

11*8 to 13*2 per cent of ethylenediamine. It is soluble i n asthma and 

used as a diuretic and in diseases of the cardiovascular sys 

cardiac or renal oedema. 'This compound, 

Choline theophyllmate. Oxtriphylline. C :2 H 2 11ST e 3- rea ction between 
used for the treatment of bronchospasm, is prepared t>y trie j t nic / ts af 

theophylline and choline hydroxide (34) or choline carbonate '^-htly soluble 
185°. It is very soluble in water, soluble in ethanol and 
chloroform or ether. 


in 
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CHAPTER XIII 


Glycosidal Drugs 


IN this chapter are included naturally occurring drugs which depend For their 
pharmacological action on the presence of glycosides arxd the active principles 
derived therefrom that are used in medicine. Certain compounds which are 
glycosidal in character, such as tannins and certain alkaloids, are included in 
other chapters. The purgative drugs containing anthraqui norxe derivatives which 
are probably active in the form of glycosides are inclu ded i n. I > art: II, Chap ter N I X. 

The term ‘glycoside’ is applied to all compounds containing a sugar group 
attached to an organic group which may be simple in character, such as a met iy 
group, or complex, such as a steroid grouping. The most; oommonly 0< -^- 
sugar group is D-glucose, compounds containing it being termed glucosi ^ 
many other sugars such as rhamnose, galactose, fructose or arabinose arc oun 
In addition, a number of sugars including digitoxose, cymaro»c, . 

digitalose occur exclusively in the cardiac glycosides. No glucosi e o e 

is known. Some glycosides contain complex sugar group® ^ . ^ compound 

trioses which may be hydrolysed in stages. For example, amygda of glucose 

of mandelonitrile with gentiobiose, can be hydrolysed to one mo hydrolysed 

and one molecule of mandelonitrile glucoside which can fc>e * ur ^ cardiotonic 
to mandelonitrile and glucose; this frequently happens also xrx 

S rou P- . . : s known the 

The sugar-free product of the hydrolysis of glycosides 

‘aglycone or aglucone’. Most aglycones have names ending 

digitoxigenin for the aglycone of digitoxin. W'clx hydrolyse them 

Glycosides are accompanied in the plant by enzyme? wlax 
and when the structure of the plant is broken up by 
destruction of the glycosides may occur unless the enzynae 

or inhibited by a chemical agent. -vvith a bitter tast e . 

Glycosides are usually colourless crystalline substan ceS a ^ol. Methods of 
They are, with some exceptions, soluble in water or chltxte et j l0 d is extraction 
extraction vary according to the substance, but a common .^purities with lead 
of the plant material with dilute alcohol, precipitation o 0 f lead, concen. 

acetate or basic lead acetate, followed by removal of the e with ammonin^ 

tration of the solution containing the glycoside, salting glycoside may 

sulphate and crystallisation from a suitable solvent, or et>ar ation of gly Co 

precipitated from alcoholic solution by chloroform. not, as a ru ^ e > fo r;n 

sides in a state of purity is often a difficult matter as they jt is often 

insoluble derivatives. Where several glycosides occur tog j£ C ation of chroniat 0 

or impossible to separate them by crystallisation, but the app 
graphy usually leads to successful results. 

275 


in ‘-genin , e.g. 


which - 

grinding, or otherwise, 
& - - destroyed by heat 


is 
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THE CARDIOACTIVE GLYCOSIDES 

By far the most important group of glycosides medicinally is that of the 
‘cardioactive’ glycosides or ‘heart poisons’. These contain the hydrogenated 
cyclopentenophenanthrene ring system I 



and are closely related to the steroids. They contain hydroxyl groups and a 
lactone ring attached at C 17 . The sugar group is always attached at the 3-position 
and may be made up of one or more hexose groups. When more than one group 
is present, they are linked as a chain. Hydrolysis may break the chain at different 
points according to the method used, e.g. k-strophanthoside contains the sugar 
chain: 

strophanthotriose 

___A> ■ . . ■ ^ 

--* 

cymarose-/?, D-glucose-oc, D-glucose 

v--v-;- ^ 

strophanthobiose 


The terminal glucose may be split off by enzymatic hydrolysis yielding k-stro- 
phanthin-/?; a further molecule of glucose is removed by the enzyme strophantho- 
biase. By acid hydrolysis of k-strophanthoside the aglycone and a triose 
strophanthotriose is obtained and by acid hydrolysis of k-strophanthin-/? a biose 
strophanthobiose can be separated. 

Except for D-glucose the sugars combined with the aglycones are all deoxy- 
hexoses, i.e. they contain one or two oxygen atoms fewer than the corresponding 
hexose. The following sugars have so far been found in the cardiac glycosides. 


CHO 


CHO CHO 


CHO CHO 


—OCH 3 


h 8 coH 


CH a OH CH a 

D-Glucose L-Thevetose 


CH S 

L-Rhamnose 


CH, 

l-T alomethylose 


CH, 

D-Digitalose 
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CHO 


CHO 

I 

ch 2 

-CH, 



Cl IO 


CII., 


CHO 


CII., 


-OCH 


ch 3 ch 3 

D-Gulomethylose L-Oleandrose 


CH, 


di 3 

r > — Digin osc 


C H 3 


that reason have 
being to increase 


D-Digitoxose 
(R —H) 

D-Cymarose 
(R=CH 8 ) 

The aglycones are usually insoluble compounds, and for 
slight physiological activity, the function of the sugar group 

the solubility. „i v cosides of digitalis 

By far the most extensively used in medicine are tne & --^ se jp in a powdered 
digoxin, digitoxin and Ianatoside-C (digilanide-C): tAxc lea glvcosides of 

form as tablets or as the tincture, is still used to som^ * viill sciflaren A, is 

strophanthus are used much less often and the glycoside: o 

occasionally administered. _ t ant in medicine, 

Digitalis glycosides. Two species of digitalis are 1 ^^£ C b is indig cnous to 
Digitalis purpurea, the common foxglove, and D. jj j», and 


the Balkans. The leaves of D. purpurea are official m 


are used in 

t Ho tincture. ' rhe 

the form of the dried biologically standardised powder c>r ^ 

most important glycosides occurring in the leaves are /V/ Hut contain 

1 anide c nas 


nding 


to 

dig* 


cligilam 

^ and gitoxm 


/ i 


which correspond with digilanides A and B found i 

acetyl group in the sugar chain; no glycoside correspo _ _ . nt in 

been found. Partial hydrolysis of digilanides A and 3 g 1 i s al s ° ^b^seeds. 

respectively. The water-soluble glycoside known as ivco- : ^ c ’ s - 

small amount in the leaves but the main source of this u 

Confusion is likely to arise in the nomenclature of *,**.*? denote 


voiti ugiuu iu iiAvij vu ui ijv lit uiv uumviivtuiui v ^ 

official name for digitoxin in the French Codex is dig**** jj te 
name digitalin is sometimes used, especially in ^ orel ^^L ie -tirT”» 
digitoxin. In order to avoid this confusion digitalin i s a nd 

BMin verum or amorphous digitalin. The glycosides g* ‘ 
have been stated to occur in the leaves, are probably 
gitonin are saponins and of no medicinal importance. 

D. lanata leaves are much richer in glycosides than f ^ 

three most abundant glycosides are digilanides A , ^ 0 f tb c 

lanatosides ). The aglycones and the order of attach 1 * 1 ^ 
are as follows: 


i <l! <- ■ . . 

r ' 0t -'called 

which 
and 


Digilanide A digitoxigenin—digitoxose—digot o?t ose 

D-glucose. 


^llocl 

soft* 

mi ^ 

^ , > f,urp** reelm 

*/• k "°'r 

sug ar S 

OSC'^ 

_ 

a cc 


The 
n us 
group s 


tv ldiS lto 
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Digilanide B gitoxigenin—digitoxose—digitoxose—acetyldigitoxose-/?— 

D-glucose. 

Digilanide C digoxigenin—digitoxose—digitoxose—acetyldigitoxose- ft — 

D-glucose. 

Enzymes occurring in the plant readily split off the glucose group of 
the digilanides; e.g. digilanide A yields acetyldigitoxin and glucose. Mild 
alkaline hydrolysis removes the acetyl group from the next sugar group giving 
deacetyldigilanide A which occurs in D. purpurea . Further action of enzymes 
forms digitoxin and digitoxose; the action of mild alkalies on acetyldigitoxin also 
forms digitoxin. This series of reactions may be illustrated in the following 
scheme. 


DIGILANIDE A 



DEACETYLDIGILANIDE A ACETYLDIGITOXIN + glucose 

DIGITOXIN 


O 


DIGITOXIGENIN 
4- digitoxose 


The acetyl glycosides exist in two forms known as a- and ft-. D. purpurea 
leaves contain in addition gitalin which has not been obtained in a form corres¬ 
ponding to the digilanides. Gitalin, on acid hydrolysis, gives gitaligenin and two 
molecules of digitoxose. Stoll obtained yields of digitoxin from D. purpurea 
varying from 0-01 per cent or less to 0-06 per cent. Samples giving a low yield 
of digitoxin usually showed a higher gitoxin content. 

The aglycones of the digitalis glycosides may be represented by the following 
structural formula: 



Digitoxigenin R 1 =R S =H 
Gitoxigenin R 1 = H, R a =OH 

Digoxigenin R 2 = OH, R a =H 



CLYCOSIDAL DRUGS 


279 


The isolation of the glycosides of digitalis leaves is due t:o the work of Stoll and 
Kreis (1). The leaves were ground at a low temperature with a solution of 
ammonium sulphate. The glycosides are precipitated "with the inactivated 
enzymes. The residue is thoroughly extracted with* ethyl acetate, which removes 
the glycosides. The ethyl acetate is removed and the residue is thoroughly- 
extracted with ether which removes many impurities. The residue of glycosides 
in combination with tannic acid is dissolved in ethanol and treated with lead 
hydroxide which precipitates the tannic acid leaving the glycosides in solution; 
on evaporation these separate out and can be recrystallised from dilute methanol. 
After repeated recrystallisation a mixture of digilanicies -was obtained. .These can 
be separated by a long series of extractions with* chloroform from aqueous 
methanol or by chromatography. .... - „ 

A number of other glycosides have been isolated from « species among 

which are strospeside, gitorin, digiproside, digicorin italis glycosides; 

Colour tests. Numerous colour tests have been desen fc»cd tor & t 6 „ Ll ,„, ljn 

some of these are due to the sugar portion of the molecule, e-g- 


Keller-Killiani reaction is due to digitoxose. It is car 


the well-known 
r ried out by the addition 
of the glycos.de.n glacial 
colour IS formed 
{iglvconc part 


in 

of 


the 

the 


alkaline picrate 


brown 


colour 


with 


in stro 


ngly 


of sulphuric acid so as to form a layer below a solution 
acetic acid containing a trace of ferric chloride: a h>ltxo 
acetic acid layer. Among the colour reactions due to tJ.* e 
molecule are: - 

Baljet’s reaction : a deep orange-red colour is forrr> eCl 
solution (2); this has been studied by Bell and Krantz (3). 

Kedde's reaction. This depends on the production ° 

3 : 5-dinitrobenzoic acid in alkaline solution (4). _ . benz ene 

Raymond's test. A blue colour is produced with m-dinx tm 
alkaline solution (5). (fallback (6) 

Reviews of colorimetric tests have been published t>y 
Rowson (7). , mo«< 

Chromatography. The separation of digitalis glyco»»tle» ^ j iaVC been P u raP hy 

be accomplished by chromatography. A number of met bo ® f c hroma to 8 ra P 
by which the glycosides have been effectively separated hy k* - n 

(S- 18 )- digi‘°" e n J'oara.ed 

Digitoxin. Digitaline crystallis^e. C 41 H„O l4 . V ca nnot t ue 
medicine contains varying amounts of gitoxin wh ,c ^ jnsol 11 ^ e 


and by 


or 


se par 
in water 

economically. It is a white crystalline powder, almn 9t ^^nol ° r c % — 200 
petroleum spirit, slightly soluble in ether but soluble j c m) Dig' 1 * 1 ' 5 

It melts at about 250° (dec.). U.v. absorption: E(1 per cen » from el . precipi- 
to 226. [a] 5 ^, +18-5° to +20°. Digitoxin maybe prep ar ^ cen t and 

purpurea or D. lanata leaves by extraction with hot 90 P e f orl of sodium 

tation of impurities with basic lead acetate, concentr^ 9 hak en ^ vV i 
extraction with chloroform; the chloroform solution x ® reC ip* ta ^| U te 
sulphide solution to remove traces of lead, dried and fro* 11 * 


ith lig ^ 1 

tbanol- 


petroleum. The precipitate of crude digitoxin is crystal!*® ra ti orl ' 
Pure digitoxin may be prepared by chromatographic sC ^ lt r th e 
Digoxin. C 41 H #4 0 14 . Digoxin is prepared by extract* 


tota 


i 


COS 


ides 


280 


THE CHEMISTRY OF DRUGS 


of D. lanata with acetone, fractionating by precipitation from aqueous acetone, 
discarding the less soluble fractions and crystallising the residue from aqueous 
methanol (19). M.p. 265° (dec.); [a]^ (c=2*0 in pyridine), 4-13*3° to 
4-13*9°. 

Digilanide C. Lanatoside C. C a H 7 a O 10 ). Digilanide C is prepared by the 
method described above for the separation of the digilanides from D. lanata . It 
is a white crystalline powder melting with decomposition at about 250°. It is 
soluble in water (0*005 g in 100 ml) and in ethanol (0*55 g in 100 ml), [a] 54 ^ 
(c=2*0 in ethanol) 4-33*4° to 4-33*7°. 

Digitalin* Digitalinum verum. C M H M 0 14 . This glycoside occurs in the 
seeds of D. purpurea and D. lanata . It is a compound of the aglucone digitali- 
genin which is probably identical with gitoxigenin, and the sugars digitalose and 
D-glucose. K. Mohr and T. Reichstein (20) have described a method of isolation 
from the seeds of either species. After defatting with light petroleum the seeds 
are extracted with 50 per cent ethanol; treatment with lead hydroxide follows 
and the filtrate is evaporated until the ethanol is removed. The aqueous solution 
is extracted with ether and chloroform to remove impurities and then with 
chloroform-ethanol (2 :1). The glycoside so obtained contains an appreciable 
amount of digitonin which can be removed by precipitation with cholesterol. 
The glycoside is then acetylated to form the hexa-acetate which is recrystallised 
from benzene. The hexa-acetate may be hydrolysed by potassium bicarbonate 
in aqueous methanol giving digitalin which may be recrystallised from aqueous 
methanol. Digitalin melts at about 245°. It is optically inactive. 

Strophanthus glycosides. Many species of Strophanthus contain cardio¬ 
active glycosides but the most important in medicine are S. kombi which yields 
strophanthin-K and S. gratus yielding ouabain. Other species and the glycosides 
obtained from them are: S. glabra (ouabain), S. emini (cymarin, emicymarin), 
S. courmontu (cymarin, strophanthin-Ka), S. hispidus (cymarin) S. sarmentosus 
(sarmentocymarin). 

Strophanthin-K is obtained from the seeds of S. kombi. It is a mixture of 
glycosides formed from the aglycone strophanthidin by combination with the 
sugar cymarose to which D-glucose groups may be attached. Two crystalline 
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stropfianthin-Kfi. 


r* contains 


iri addition 
lated a glycoside 
»-r>harit 

45-0 


glycosides have been separated, cymarin (. strophanthin a 

The sugar group in cymarin is cymarose only; k-stropb arlt:,:i - olill _ .. - 

one molecule of D-glucose. Stoll, Renz and Kreis (21) Stropha nt 

strophanthoside-K containing yet another molecule of , Jxas [oOsSei 

has the structure II. Cymarin melts at 142° to 150° 311 r 

(in ethanol). - ^ 3 cold rn i* tu re 

Strophanthin-K gives a green colour when dissol' v ' eC1 .coside 

four volumes sulphuric acid and one volume of water- ^ystalb g ltt thera 

Ouabain. Strophanthin-G, CjjH^O^.SHjO, is ides of 

which occurs in the seeds of Strophanthus gratus and it* chloro- 

Schtmpert . It is much more soluble in water (1 in lOO) t , j n e-1 b above for 
this type. It is also soluble in alcohol but almost insol u sintering 

form.'It gives a pink colour with the sulphuric acid te ^ bed) calcu- 

stroohanthin-K. Ouabain melts when anhvdrous at abor* -tbyl ^ c ? n ^ 1VCOn e 


Lgiy 


strophanthin-K. Ouabain melts when anhydrous at a 1 r c ***?--' 

at about 185°. [a]^ -39-8° to -40-8° (c=2-5 w/v i*\ ^ tio n *[\ y prepared 

lated to the anhydrous substance. Ouabain is a ^ is e£lS reS iclue ' vlt 

ouabagenin (III) with a single molecule of rhamnose. ^ing t ^ 1 ^ c)rl ccn t r 3 * 1 *^ 

from 5. gratus seeds by defatting with petroleum spirit* ]bol- 
calcium carbonate and extracting with 95 per cent 1 

and standing, crude ouabain crystallises and may be 
alcohol. 


dilute 
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Squill glycosides. Squill is the bulb of Urginea maritima (Linn.) Baker. The 
variety known in commerce as white squill is official in the B.P.C. but there is 
also a variety known as red squill which is used as a rat poison. The pharma¬ 
cological action of squill is similar to that of digitalis but is much weaker; it is 
rarely used for its cardiac effect, but in small doses is a constituent of many 
cough mixtures. 

Stoll and his colleagues have isolated eight glycosides from white squill (22). 
The most important of these is glucosciUaren A which is a compound of the agly- 
cone scillarenin and a chain of sugar groups which can be split off in stages 
according to the following scheme (23). 

scillaridin A + scillatriose (= L-rhamnose 

2 D-glucose) 

scillaridin A + scillabiose (= L-rhamnose 

+ D-glucose) 


scillaridin A + L-rhamnose 

enzymes 

\ 

Scillarenin 

Scillarenin has a high cardiac activity; it has the constitution IV (R=H) and 
is the true aglycone. In glucosciUaren A, R=L-rhamnose-|-2 D-glucose; in 
sciUaren A, R—L-rhamnose + D-glucose and in prosciUaridin A, R = L-rham¬ 
nose. SciUaridin A (V) has lost H g O during hydrolysis with acid with the formation 
of the 3 : 4 double bond. 

Red squiU contains the glycoside sciUaroside (VI) (24). 
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CHAPTER XIV 


Steroid Hormones 


Introduction. The steroid hormones include the male and female sex hormones 
and the hormones of the adrenal cortex. The steroids form a group of chemical 
compounds with a common structure based on the cyc/opentane-perhydrophenan- 
threne system. This structural skeleton consists of four fused rings A, B, C and D 
with the carbon atoms numbered as indicated (I). 


R 



I 



The group R at carbon-17 is termed the side-chain and the rest of the molecule 
is the nucleus. Methyl groups are attached at carbon-10 and -13 and by con¬ 
vention are shown as single lines. 

The stereochemistry of the steroid nucleus is complex; in the molecule of 
cholesterol (II) for example there are asymmetric carbon atoms at positions 
3, 8, 9, 10,13,14, 17 and 20. Thus there are 2* or 256 possible isomers. 

Cortisone has 6 asymmetric centres and 64 possible isomers, oestrone has 
4 asymmetric centres and 16 possible isomers, whilst equilenin with its 2 
aromatic rings has only 2 asymmetric carbon atoms and thus 4 possible isomers. 

This isomerism is shown in the graphic formulae by the use of heavy or dotted 
lines for the bonds joining the peripheral groups to the nucleus, which is assumed 
to lie in the plane of the paper. A heavy line shows that the bond and the group 
attached to it project upwards and outwards from the paper, whilst a dotted line 
indicates the reverse. This method of representation indicates the relative 
configuration of the groups and shows whether a ring junction is cis or irons. 
Amongst the natural steroids the following configurations of the groups at the 
ring junctions are found. 



A/B 

B/C 

C/D 

Cholestane 

Trans 

Trans 

Trans 

Coprostane 

Cis 

Trans 

Trans 

Cardiac aglycones 

Trans 

Trans 

Cis 
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Androstane, 5-allopregnene and 5-allocholane 
junctions as cholestane whilst 5-uoandrostane, 
cholane are similar to coprostane. Among natu 
aglycones have a cm C/D junction. Cholestane is rep 
formula III and coprostane by IV. 
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have the same type of ring 
p regnane, aetiocholane and 
steroids only the cardiac 
rated by the full graphic 




III 


TV 


In addition the hydrogen atoms at C-3 and C-17 a 
le groups at these positions increase the number o 
is tram relative to the methyl group at C-10 it is terme 


usually substituted and 
the groups at these positions increase the number of isomers. W here t e gr P 

6 ^ r an ot-orientated group 

• w * 1 >iiT^ i n e/>/cholesterol 

and where it is cm it is termed a fi group; e.g. the hydroxy l ^ rol the OH group 

C cc^AtfAu r ous line because, 
_£ the paper. 

like the methyl group at C-10, it projects above the f>I anC 


is a and in cholesterol is Thus in formula II foi 
is shown attached to carbon at position 3 by a heavy 

' h*as been carried a stage 

This question of the isomerism of the steroid nucleus u . of oyc/ohexane 

further by the work of Hassel (1) and Barton (2) on the eheruis ^_^j^ exarie that at 
derivatives. It has been shown for the stable-chair form ° j^ aX i s of the mole- 
each carbon atom one of the hydrogen bonds is par all t o tne^ thc ax . s and is 

cule and is termed an axial bond; the other is directed a w ay ^ spatial formula 

termed an equatorial bond. If the steroid nucleus is draw n the above ct.fi 

with the three cyclohexane rings fused in the chair forms, relative to the Ale 
type of notation which refers to the configuration of* a rc> 1 *1 > ot_e r of the 

* l 1 characr thc stable- 


group at C-10 can be correlated with the axial or equatorial 
In the cholestane type of compound, for example, the conhg 
epimeric secondary alcohols at positions round the nud eU 
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r ati o n s o 


show 


,-ri below. 



At each position, however, it is found by inspection 
that the stable configuration is that occupied by an eqem to 
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oestrogens described below are metabolic transformation products formed from 
this compound. Ethinyloestradiol, which is used clinically, is a synthetic derivative 
of oestradiol. Progesterone is the sole natural gestogen but ethisterone, a synthetic 
compound, has similar therapeutic properties and is used clinically. 

Testosterone is the primary male sex hormone or androgen and androsterone is 
a secondary naturally occurring compound. Methyltestosterone is a synthetically 
produced compound used clinically and, as its name implies, a methyl derivative 
of testosterone. 

In the first quarter of this century a great deal of research work was carried out 
on extracts of male and female sexual-organ tissues and it was shown that 
hormonal substances were present. The isolation of pure hormones from these 
active extracts proved to be an extremely difficult task, but in 1927 Zondek (3) 
reported the presence of an oestrogen in the urine of pregnant women and this 
important discovery of an alternative source of active compounds led directly, in 
the period 1927 to 1935, to the isolation of all the major sex hormones. 

Oestrone, extracted in 1929 (4, 5) from pregnancy urine, was the first steroid 
hormone to be obtained in a pure state. Oestriol was isolated from the same 
source in 1930 (6) and oestradiol from ovarian tissue in 1935 (7). The latter 
compound was then already known, for it had been prepared by the chemical 
reduction of oestrone. Progesterone was first isolated by Butenandt in 1934 (8). 
His source of the hormone was the corpus luteum tissue of sows’ ovaries; the 
difficulties inherent in this type of work may be appreciated from the fact that 
the ovaries of 50,000 sows yielded 20 mg of pure progesterone. Human male 
urine was found in 1928 (9) to contain small amounts of an androgenic substance 
and androsterone was obtained from this source in 1931 (10). Testosterone, the 
primary androgen, was isolated in 1935 (11) by the extraction of bull testicular 
tissue. 

For a description of these compounds see (12). 


FEMALE SEX HORMONES 

Oestrone. Estrone. 3-Hydroxy-l : 3 : 5(10)-oestratriene-17-one. CigH M O s . 
(IX). 

Preparation. Zondek in 1930 (13) found mare’s pregnancy urine to be a better 
source of oestrone than human urine and this led to a commercial process for the 
extraction of the hormone from this source. 

The correct formula for oestrone was put forward by Butenandt (14) and 
independendy by Mariian and Haslewood (15). The extraction of oestrone from 
urine is a costly procedure and the total synthesis of the hormone was a problem 
which many investigators endeavoured to solve. It is complicated by the fact 
that oestrone is one of 16 possible stereoisomers. Equilenin, a related natural 
oestrogen, which has two aromatic rings in its nucleus, is one of only four isomers 
and it was the first natural oestrogen to be synthesised (16). A synthetic com¬ 
pound identical with natural oestrone was prepared by Anner and Miescher in 
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1948 (17). The total synthesis used by these workers was based on experience 
gained in the preparation of the synthetic oestrogeiis known as doisynolic acids. 
Anner and Miescher used as starting material the keto-ester (V) which had been 
previously made by Bachmann and by Robinson. This compound can exist as 
four racemates and Anner and Miescher used one particular crystalline racemate 
for the preparation of oestrone. The keto-ester was reacted with methyl bromo- 
acetate by the Reformatsky procedure and the compound (VI) was obtained. 
This was dehydrated by means of phosphoryl chloride and pyridine and then 
catalytically hydrogenated to yield a mixture of two raeemates (\ II). This 
diester was half hydrolysed and the acid ester was subjected to the Arn t- 
Eistert method of chain lengthening with the formation of V III. yc isation 
and decarboxylation yielded racemic oestrone (IX) and its 0-1*4 epimer. e 

oestrone was resolved through its phenolic ester with (- 





hesi s ’ 




13? -j 


, j_ prepared 

r . syn thC ; c s are now 
Recently Johnson and his associates (18) have, by a c t Tl <l 

oestrone and some of its isomers; all eight of the pos 9lt> r 2 ° - 163 

known. _ at 262°’^jtde in 20 

Properties. Oestrone forms colourless crystals melti**f? ^ ^ g°); s ° e xts . e 

(dioxan). It is almost insoluble in water (2-1 mg per li€ re * jc»rv3 te p i P era f '|^ 

parts of acetone and in 400 parts of ethanol. Oestrone ^^in e on-1 | ^ u vV 

to 135°. A compound of oestrone acid sulphate with pip e ^ \ 9) - 
oestrone sulphate (X) has been introduced into therapy 


Properties. Oestrone forms colourless crystals melti**!? 8°) i 


. m e 


2 163 " 
in 2.00 
r 134° 
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crystalline powder which melts at 185° to 195° to a syrup that solidifies and 
remelts at 240° to 250°. It is slightly soluble in water and ethanol. 



Oestradiol. Estradiol. 1:3:5(10)-Oestratriene-3:17/3-diol. C 18 H 24 0 2 . 
(XIV). 

Preparation. Oestradiol may be obtained by the reduction of oestrone, by 
which method it was first prepared as a mixture of the epimers at C-17 (20). 
Later workers have carried out this reduction by the use of lithium aluminium 
hydride (21) and sodium borohydride (22). The mixture of isomers can be 
separated through the dipropionates (23). 

Inhoffen prepared oestradiol by partial synthesis from cholesterol. Previous 
workers had obtained androstenediol-3-acetate-17-benzoate (XI) as an inter¬ 
mediate in the manufacture of testosterone from cholesterol. The main prob¬ 
lem in its use for the synthesis of oestradiol is the removal of the angular 
methyl group at C-10 and the consequent aromatisation of ring A. Inhoffen 
first saturated the 5 : 6 double bond and then removed the 3-acetate group by 
hydrolysis. The resulting 3-hydroxyl group was oxidised to yield androstano- 
lone-17-benzoate (XII). Two successive brominations allowed the introduction 
of double bonds at the 1: 2 and 4: 5 positions and hydrolysis of the benzoate 
led to XIII. The angular methyl group at C-10 was then removed (24). This 



OH OH 



XIII 


XIV 
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remarkable aromatisation step was carried out in a special apparatus consisting 
of a quartz tube packed with quartz and heated to €»00 0 t>y means of a spiral 
electrical heater; a spray of the intermediate steroid (XIII) in tetralin was blown 
through the tube by nitrogen. The oestradiol whicK formed was isolated as a 
crystalline complex with tetralin which decomposed oo steam distillation and the 
oestradiol (XIV) was recrystallised from methanol. 

Properties. Oestradiol is a white crystalline po^wdor* melting at 177 with 
[«]i? +78° (dioxan). It is almost insoluble in water but soluble in ethanol, 
acetone and aqueous solutions of alkali hydroxides. 

Many esters of oestradiol have been introduced into -therapy mainly because 
of their more prolonged action. The dipropionate 27) molts at 104 

and has [aj^ 1 -(-36° to -f40° (dioxan); the monobenzoate (28) rne ts 
to 195° and the 17-eycfopentylpropionate (29) at 15 1° to ^ 

(chloroform). .. , 

Ethinyloestradiol. 17-Ethynyl-l : 3 : 5(10)-oestratriene-3 . (XV). 

ne (IX) is dissolved in a 
QQtassium in lic-juid 

mixture of dioxan and ether and added to a solution c - >r T o,. formed 

isomers may dc 


to 106° 
at 190° 
Ml? +45° 


Preparation. The Nef reaction is used in which 

dded to a so 
Theoretically two 


ammonia saturated with acetylene, 
but one predominates (30, 31). 
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epoxide (XVIII) which on reduction with lithium aluminium hydride leads to 
oestriol (XIX). 





XVIII XIX 

Properties. Oestriol is a white powder exhibiting a reddish fluorescence under 
ultra-violet light. When heated on a hot-stage microscope it melts sharply at 282°, 
after a phase change at 270° to 275°. The [a]^ is +61° (ethanol). It is in¬ 
soluble in water but soluble in ethanol and dioxan. 

Progesterone. 4-Pregnene-3 : 20-dione. C 11 H 80 O 8 . (XXIV). 

Preparation. A number of syntheses of progesterone have been reported and 
those published prior to 1949 have been reviewed by Fieser (12). The subject 
became of greater importance with the publication in 1952 of the microbiological 
oxidation of progesterone to 11-hydroxyprogesterone, a compound which is 
convertible to cortisone. 

Progesterone was prepared by partial synthesis from stigmasterol (XX) in 
1934 by Butenandt (35) and Fernholz (25, 36). Stigmasterol acetate was bromi- 
nated at the double bond, ozonised and debrominated to the acetate of hydroxy- 
bisnorcholenic acid (XXI); this was converted via the ester and the diphenyl 
carbinol into the unsaturated compound XXII. Further bromination, oxida¬ 
tion and debromination led to pregnenolone acetate (XXIII). The double bond 



XX 
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3V1. 
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= C(C 6 H 5 ) 2 


xxii 


COCH a 


[z o c: H 




XXIII 


xxi v 


was brominated and, after hydrolysis, the hydroxyl g r ° * 
ketone; debromination gave progesterone (XXIV). \ c 

A recent variation of this synthesis from stigmasterol e 

Properties. Progesterone occurs as a white crystalline 5 P° j 

to 133° with an isomorphic form melting at 121°. It: 

(dioxan) and E (1 per cent, 1 cm) 525 to 545 at 241 in/-*- ^^ 1 

but soluble in ethanol, ether, benzene, acetone, dioxan 

Ethisterone. 17-Ethinyltesterone. C 21 H 28 0 2 . (XXI^ 
Preparation. Acetylene is added to dehydroepfandrc* 3 *- 


xvas 


oxidised to a 


_ n rrtiblishcd (37). 

r at 128 ' 

^ dcr * j 75 ° to 183 
fOC ^ s oiuble in water, 

(XXV) in the 


XXV 


5C^ vI 


HO C= 


CH 


XXVII 
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presence of potassium ferf.-butoxide forming XXVI. The 3-hydroxyl group is 
converted to a ketone group by the Oppenauer oxidation (38, 39 y 40) to yield 
ethisterone (XXVII). 

Properties. Ethisterone is a white tasteless microcrystalline powder melting at 
269° to 275°; it is stable in air, but is affected by light. It is insoluble in water 
and sparingly soluble in ethanol, acetone, chloroform and vegetable oils. 

Ethisterone has a similar pharmacological action to that of progesterone but is 
active orally. 


MALE SEX HORMONES 

Androsterone (XXVIII) was the first male sex hormone to be obtained in a 
pure state. Butenandt (10) isolated it but obtained only 15 mg of crystalline 
material from 15,000 litres of normal male urine; on the basis of a total quantity 
of only 25 mg he proposed a formula which was later shown to be correct (41). The 
later discovery of testosterone, which is a more potent androgen, has reduced 
androsterone to secondary importance. 

O 



Testosterone. 17-Hydroxy-4-androstene-3-one. C lt U u O r (XXX). 

Preparation. Ten mg of the pure hormone were obtained by Laqueur and his 
colleagues (11) from 100 kg of bull’s testicular tissue. The fact that it had the 
absorption spectrum of an a/9 unsaturated ketone and that it yielded the known 
4-androstene-3: 17-dione on oxidation suggested the formula (XXX) for 
testosterone. This was verified by Butenandt (42) when he converted dehydro- 
fpi'androsterone (XXIX) to testosterone. 


O 

li 



OH 



This conversion is most simply and efficiendy carried out by a two-step 
method discovered by Mamoli (43). Dehydroepiandrosterone is shaken for two 
days with oxidising yeast in a phosphate buffer when the 3-hydroxyl group is 
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oxidised to a 3-keto group. Simultaneously the double t>on.d sWi ± ts 
to the 4 : 5 position. The solid matter in the reaction vessel is 
extracted with ethanol which removes the dione. ‘I'he 1 1L - E * i o ni¬ 
tration is added slowly to actively fermenting yeast in a. r 111 c 


from the 5 ; 
collected and 
after concen- 
dium and the 


17-keto group is reduced to a hydroxyl group. 

Recent routes to testosterone (44, 45) have been via e 

4-Androstene-3 : 17-dione (XXXI) is reacted with acre tone cryan 
the steroid cyanohydrin (XXXII); this on treatment with exces, 
formate in benzene in the presence of hydrogen chloride 
ether of the cyanohydrin (XXXIII) and reduction with cr r 

panol or lithium aluminium hydride leads to testosterone 
which, on mild acid hydrolysis, gives testosterone - 


e j x 1 ethyl ether, 
nohydrin to yield 
ss of" ethyl ortho- 
s the 3-enol ethyl 
. x~ sodium in pro- 
en ol ethyl ether, 


OH 




XXXIII 


Properties. Testosterone is a white crystalline powder to - 1 

with [a] 2 ® +109° (ethanol) and E (1 per cent, 1 cm) 

It is insoluble in water; 1 g dissolves in 6 ml of anhy * 1 




chloroform or 100 ml of ether; it is also soluble in dioX an * ^ * t 1 , c 

The propionate (44, 46) is a white powder melting 
water, but soluble at 15-5° in 30 parts of ethanol or of 

soluble in ether and acetone. ^vith f t 

The ryc/opropionate (44, 47) melts at 101° to 1^. ^ tf £in ^ 1 

(chloroform). Testosterone acetate is dimorphic; ther^ jS 
80° and the acetate then melts at 141°. j 

Methyltestosterone. 17a-methylandrost-4-ene-l7/^" c> te . 

(XXX 1 v ). . of t * 5 * 0 

Preparation. Methyltestosterone is a synthetic derivati 


j 55 1 ' to 1 56 
;Y> a t 241 trf/e. 
56<> , 2 ml o f 

eihan o1 ' ^ 

• „ so Iublc in 
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foe Jo 5 
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76-4^ 
oil ’ 1 at 
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readily prepared by the reaction of dehydrocpiandrosterone (XXIX) with an 
excess of methyl magnesium iodide; the 3-hydroxyl group is then oxidised by the 
Oppenauer method with acetone and aluminium tropropoxide (48). 



with [a] D -f 76° (ethanol); it is insoluble in water but soluble in ether, ethanol 
and acetone. It is affected by light. 

Stanolone. Androstane-17/?-ol-3-one. C 13 H 30 O r (XXXV). 

Preparation. Since stanolone is 4-dihydrotestosterone it may be prepared 
from testosterone (XXX) by hydrogenation (49) or from epiandrosterone 
(XXXVI) by oxidation (50). In addition a method similar to that used for testo¬ 
sterone via the cyanohydrin has been used (44). 


OH OH 



Properties. Stanolone melts at 181° and has [a] D -f 32°; it is insoluble in 
water, but soluble in ethanol (6 g in 100 ml of solution) and in ether (1*5 g in 
100 ml of solution). 
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CHAPTER XV 


Hormones of the Adrenal Cortex 

Adrenalectomy invariably results in death in a few days; this is due to the 
loss of hormones produced by the cortex or outer tissues of the gland. The 
medulla , or central part of the gland, is responsible for the production of adrena¬ 
line. In 1930 Swingle and Pfiffner (1) first prepared active cortical extracts, 
which, on continued administration to moribund adrenalectomised animals, 
prolonged life for an indefinite period. Later workers isolated a number of 
crystalline substances from the extracts and thirty steroid compounds have been 
identified. These substances possess certain features in common. When 
saturated they are derivatives of allopregnane. Position 3 is occupied by a 
hydroxyl group or by an a/9 unsaturated ketone group whilst the carbon at 
position 17 carries a carbon chain of two atoms and often in addition an a- 
hydroxyl group. Carbon-11 may or may not be linked to an oxygen atom. 

Certain of the adrenocortical hormones have a controlling influence on carbo¬ 
hydrate metabolism; these are known as glucocorticoids. To this category belong 
cortisone and hydrocortisone; others such as deoxycortone and aldosterone 
control the electrolyte balance and are called mineralocorticoids. 

Cortisone. 17a-Hydroxy-11-dehydrocorticosterone. 17a: 21-Dihydroxy- 
pregn-4-ene-3 : 11 : 20-trione. C 21 H S8 0 6 . (I). Cortisone was isolated in 1936 by 
three groups of workers (la, 2, 3) and its structure was elucidated by Reichstein 
(4) by whom it was called Compound F. For some time its importance was 
not realised. From experience with purified cortical extracts it was hoped that 
compounds might be found having curative properties in Addison’s disease and 
useful in the treatment of wound and surgical shock. In 1941 research work 
began in various American laboratories on the problem of the partial synthesis 
of 11-oxy steroids; in 1945 dehydrocortisone (a substance which has the cortisone 
structure but lacks the 17a-hydroxy group) was synthesised, tested but found 
to be of little value. In 1946 Sarett (5, 6) obtained 29 mg of cortisone by the 
first partial synthesis of the compound. There was no indication then that it 


CH a OH 

ho 
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would become important and its later applications in the field of rheumatoid 
arthritis are due entirely to the work of Hench and his colleagues. 

It had been known for 50 years that jaundice exercises at beneficial effect on the 
syndrome of rheumatoid arthritis and in 1938 Hench (7) attempted to relieve the 
condition by the injection of bile salts, but was only p>sti'tially successful. In 
1948, however, he suggested that, since certain, conditio ns such as jaundice, 
pregnancy, surgery and starvation, which favoured remission of rheumatoid 
arthritis, also stimulated the adrenal cortex, cortical hormones should be tested 
for activity. In 1948 he was supplied with a few grams of cortisone by ICenda 
and in 1949 he published an account (8)of its dramatic effect in certain cases o 

consetjuently arose ana 
1 synthetic process. It was 
a l ong and difficult matter 
a suitable starting- 
i published on the 
this w ork have appeared 


rheumatoid arthritis; a large demand for cortisone 
stimulated work in many laboratories on a commerci; 
clear from previous work that the synthesis would, bt 
and that not the least difficulty would be suppli* 
material. Consequently a great many papers have 
chemistry of cortisone; a number of excellent reviews of 
(9 to 13). . j 

Preparation. Cortisone (I) may be obtained either* by P artl a 
The compounds shown on p. 298 have been used aS 
partial syntheses. _ ed iate 

Progesterone is of particular interest since it is an t nre 
in which biological methods are employed. _ in' r °l ve three main 

The chemical approaches to the synthesis of the 3 -keto group; 

stages; ( a ) the introduction of the 4:5 double horrd ar~» <">f the 17- 

(ft) the formation of the 2-carbon side-chain and step presents the 

This / ab _ roa ch * 


of total synthesis. 

starting-noatei-iah for 


in the process 


11 


hydroxyl group; and (c) oxygenation at position m. - — _ « 

principal difficulty and it is here that the microbiology 
extremely useful. 

Sarett’s original synthesis of cortisone began with 
has the advantage that rings A and B have a cis junction. 


apP 


has been 


d faCilH» US 

D0Si “ 0 ,? t hC 5 iS» f K r 

of 


1lich 
at 


acid. This 
the intro- 
\ 2 can be 


duction of a 4 : 5 double bond. In addition the hydroxy ^j7*hi s 
used to introduce the required oxygen atom at position * fox' the 
intensive development was used as a commercial process ] c n 

cortisone. Deoxycholic acid, however, is derived frotrx^ a cid aric 


supply; 100 kg of ox bile yield only 0-7 kg of deoxy c 


hohe 


intensive efforts were made to find starting-materials 


that 


dant. Marker (14) in 1940 had shown that it was jjossi 


hie 


-were 

r <J 1 s 


to 


o 


production oi 

1 i s in limited 

therefore 

rally abun- 
K and 
the 


i n 


F of the natural sapogenins to a pregnane side-chatxx ^tx 


re-: 


consideration of such compounds as diosgenin, h ecog er%1 * 

possible starting-materials. Of these sarmentogenitx 


as 

its 

be 


favour; the A/B junction is cis and it has an 11-hyd r ° . 
easily oxidised to an 11-keto group. Unfortunately ixo s 
supplying the quantities required has been found in 
in different parts of the world. 

Hecogenin is potentially abundant as it can be eX 

the sisal plant (Agave sisalana) (15). The conversion. 


of '*** 


tracts 
to 


CO 


rti s ° 


riat u r. 

o rin? s 

tilted 

-ntogeni” 
oint 3 yj 

could 

ble of 

^^^Tcarches 
rea 

the J"~~ of 

has 


thi s 

d sa 

“veral F> 

that 

hie T sca 

oice 

fr-orrx «-*' i., ^ been 


n e 



298 


THE CHEMISTRY OF DRUGS 



Me 

I 

CO 




accomplished (16) but it has disadvantages in that the A/B ring junction is tram 
and the introduction of the 4: 5 double bond is not simple. 

Diosgenin is extractable from plants of the yam family and one of these, 
Testidinaria sylvatica\ is used as the commercial source of supply of the sapo- 
genin, which is the starting-point in a manufacturing process for the production 
of cortisone. Progesterone is first prepared and this is then oxidised biologically 
at position 11 to 11 -hydroxyprogesterone which is converted to cortisone. This 
process involves 14 stages from diosgenin to cortisone while the Sarett synthesis 
requires 35 stages. 

Diosgenin (II) is first acetylated (17) in the presence of aluminium chloride to 
give praufodiosgenin acetate (III) which, on oxidation (18) leads to pregnadie- 
nolone acetate (IV) reduced and hydrolysed to pregnenolone (V). The side-chain 
of progesterone has now been formed from rings E and F of the genin. The 
3-hydroxyl group is now oxidised to a keto group and the 5 : 6 double bond shifts 
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to the required 4 : 5 position with the formation, of" progesterone (VI). IVIicro- 
biological oxidation at position 11 by the mould ntgracans produces 

lla-hydroxyprogesterone (VII) in remarkably tiigtx yield. 'This procedure for 





VI 



300 


THE CHEMISTRY OP DRUGS 






CH.OAc 



XIV 


XV 



HORMONES OF THE ADRENAL. C O 


TEX 


301 


the preparation of 11-oxy steroids was announced by I’eterson and his colleagues 
in 1952 (19). Itisofconsiderableimportancesin.ee only steroids unsubstituted 
in ring C are abundant in nature and the chemical me-tlxods for the introduction 
of an 11-oxy group are not single-stage processes; thus the bio-oxygenation 
procedure represents a major advance in steroid chemistr*y- Reviews in this field 
have been published (20, 21, 22). 

The lla-hydroxyprogesterone (VII) prepared from progesterone by micro¬ 
biological oxidation is then reacted with hydrogen with a palladised charcoa 
catalyst in the presence of alkali. The ll«-hydrox:y-3 - 20-dione forme is 
fortunately a normal pregnene derivative with the A./B ring j unction, ence a 

simple partial synthesis of cortisone is possible (23)- The 1 1 ot- yc^roxyproge 
sterone is first reduced at the double bond, then the 1 1 oc —h> roxy 
oxidised by chromium trioxide to a ketone and finally reclxjct ion 
group is effected by sodium borohydride in pyri<dixx.e &■<****& 

pregnane-11 : 20-dione (VIII). The 11-keto group character 1 ^ is therefore 
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acetylated in its enol form giving 3a: 11 : 20- 
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Hydrocortisone. Cortisol. 11/? : 17a : 21 - Trihydroxypregn - 4-ene-3 : 20- 
dione. C 21 H 80 O 5 . (XVIII). 

Preparation. Hydrocortisone was isolated by Kendall in 1937; since that date 
many chemical syntheses of this compound have been published (35 to 39). A 
recent method (40) in which cortisone acetate is the initial material is as follows. 


CH a OAc CH 2 OH 

| I 

C=R C=R 



CH 2 OH 

<U 




The 3 :20 dione groups are first converted to the 3 : 20-disemicarbazone 
(XVI) (R= : N-NH-CONHj); they are thus protected during the subsequent 
reduction of the 11-keto group to 11 /?-hydroxyl with simultaneous removal of 
the acetyl group with the formation of hydrocortisone 3 :20-disemicarbazone 
(XVII). Potassium borohydride in aqueous tetrahydrofiiran is used as the 
reducing agent; the semicarbazone groups are then split off by the use of nitrous 
acid giving hydrocortisone (XVIII). 

Hydrocortisone has also been prepared by a variation of the synthesis of 
cortisone from Ua-hydroxyprogesterone described above (41, 42). Micro¬ 
organisms have been found with enzyme systems capable of introducing a 
11 /3-hydroxyl group into the steroid nucleus and these have been used in the 
preparation of hydrocortisone; in one method (43) only a token yield was 
obtained, but later modifications led to increased yields (44, 45). The starting 
material was 17a : 21-dihydroxypregn-4-ene-3 : 20-dione (Reichstein’s Com¬ 
pound S) (XIX) which is readily available as the result of efficient chemical 
procedures. Hydroxylation converts it in one step to hydrocortisone by the 
action of certain moulds. 
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Properties. Hydrocortisone is a white powder melting at 218° to 221° (dec.) 
and having [a]„ +163° (ethanol); it is freely soluble in dioxiin and methanol, 
but slightly soluble in water or ether. The acetate is sl white solid melting at 


CH,OH 

ix=o 
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218° to 223° with [a] D -f-156° (chloroform). It is 
slightly soluble in ether, chloroform (0-73 g in 100 ml) 

100 ml). 

Hydrocortisone has the same qualitative effects as co 
in possessing a powerful local action. 

Deoxycortone acetate. 21 -Hydroxyprogesterori^ 
pregn-4-ene-3 : 20-dione. acetate. C 2s H aa 0 4 . (XXI'V)- 

Preparation. Deoxycortone was synthesised in 193*7 C 
to exist in the adrenal glands, from which it was isolate 
1938 (47). This early synthesis of deoxycortone has 
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Properties. Deoxycortone melts at 141° to 142° and 
acetate is a colourless tasteless powder melting at 159° to 
but soluble in ethanol, acetone or propylene glycol (1 
a in 100). 

Deoxycortone has no 11-hydroxy group; it is a minet 8 ^^ 
trols retention of sodium and excretion of potassium 

used in the treatment of Addison’s disease. __ 20-^^°^ 
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crystalline compound that has been named aldosterone. Certain features of its 
structure were suggested by the above workers and degradation studies carried 
out in 1954 (55) led to the formula XXV. It has t>een suggested that the 

aldehyde (XXV) exists in equilibrium with the hemiueetatl The total 

synthesis of aldosterone has been announced (56). The crom j>ouud melts at 154 
and again at 183° to 185°. 


MODIFIED STEROIDS WITH HORM O 1ST A I- ACTIVITY 
Since the successful introduction into therapy of* the natural hormones, 
cortisone and hydrocortisone, synthetic chemical stnoios Iiav ^ - 

tions in the steroid structure with the production oT <r;c::>rT ^^ , ° U o r t S ed°on viz. 
enhanced activity. Three main modifications have Dec rx r< H > ° a nd 2-methyl 
halo-compounds, compounds containing a 1 : 2 clo ut>I c on 

steroids. / c ■V'l • oT these 9<x-ftuoro- 

9-Halogenated steroids were first prepared in 195 3 ( -> y S* tisone acetate ; 

17-hydroxycorticosterone-21 -acetate (XXVII) is kno wn r 

it melts at 233° to 234° and has [x] n +123° (chlorofor-nr* > - Rouble bond in the 

In 1955 Herzog (58) prepared cortisone derivatives and prednisolone 

1 :2 position; these have been named prednisone compared 

(XXIX). These compounds have increased anti-inflanrx rirl ^ t:<n>X '^ rac j s . > t lac* sodium- 
with cortisone but, in contrast to the halogenated oona f> 

retaining capacity is unaltered. „ re sulted 1 n c ? m 

The development of the 2-methyl steroids (59, 60) ba 11 y 2 —jrraethylhy ro- 

pounds having enhanced sodium-retaining properties esp cC 
cortisone (XXX). ^ 
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CHAPTER XVI 


Non-Steroid Hormones 


The non-steroid hormones are derived from the thyroid, parathyroid, pancreas 
and pituitary glands and from the adrenal medulla. The hormones of the 
parathyroid are protein-like substances and our knowledge of their structure is 
far from complete. The substances described below, whose structure is known, 
are adrenaline and the allied compound, noradrenaline, thyroxine, insulin, 
oxytocin and vasopressin. 

(—)-Adrenaline. (-)-Epinephrine. (—)-l-(3 : 4-Dihydroxyphenyl)-2- 
methylaminoethanol. C 8 H 18 0,N. (IV). 

Preparation. Adrenaline and noradrenaline are produced by the adrenal 
medulla. Adrenaline was the first hormone to be isolated and chemically identi¬ 
fied (1, 2). It can be readily obtained from adrenal glands. According to Abel’s 
method the glands are extracted with a solution of trichloroacetic acid in 
ethanol. The mixture is filtered after 24 hours and extracted twice more with the 
menstruum. Adrenaline is readily oxidised and therefore the process must be 
carried out in the presence of a reducing agent (3). The mixed filtrates are con¬ 
centrated to low bulk and, after again filtering, a slight excess of ammonia is 
added. The crude adrenaline is filtered off and washed with water, ethanol and 
ether. The crude adrenaline is extracted with ethanolic oxalic acid solution, 
inorganic impurities remaining behind. After filtration and dilution with water, 
ammonia is added to precipitate the base which is freed from ammonium oxalate 
by thorough washing. 

Adrenaline was synthesised in 1904 by the following method (4, 5, 6). Cate¬ 
chol (I) is reacted with chloroacetic acid in phosphorus oxychloride and the 
substituted acetophenone (II) obtained is condensed with methylamine in 
aqueous ethanol. The product, 3 : 4-dihydroxymethylaminoacetophenone (III) 
is converted by reduction to (i)-adrenaline (IV). The reduction may be carried 
out by the use of aluminium amalgam, catalytic methods (7, 8), metal hydrides 
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or aluminium iropropoxide in uopropanol (9). Raccm i c adrenaline can he re¬ 
solved with (-j-)-tartaric acid; the (-~)-adrenaline ( f )-tartrate obtained is made 
alkaline with ammonium hydroxide solution to yield tlte required ( — )-adrenaline 
(10,11). The residual (-f) isomer is racemised and t:b.c process repeated. 'The 
acid oxalate has been used for the purification of ad renal i ne ( 1 2). 

Alternative syntheses of adrenaline have been publ isbed ( 1 3 to 17). 

Properties. (-)-Adrenaline is a white crystalline powder. IM.p. 211 . It is 
slightly soluble in water but insoluble in ethanol, ether n.nd chloroform; the 
aqueous solution is alkaline to litmus. Neutral or a lien. 1 i nc solutions are unsta c 
and become red on exposure to air. It is soluble in mineral acids, in 
and in caustic alkalis, but not in aqueous ammonia or al ka l i carbonates. 
line is mainly injected in the form of the acid tartrate. ctiorvs ac ^j 

tected from oxidation by the addition of a reducing: soc as melts at 154° 

or sodium metabisulphite. (-)-Adrenaline ( f)-hydrogen_ 111 *hvdrochloric 

to 155°. The specific rotation of (—)-adrenaline is -3 3 C * n 

acid). I ✓ 

(—)-Noradrenaline. (—)-Norepinephrine. (-- ) — r tcrcoo 

Dihydroxyphenyl)-2-aminoethanol. C 8 H U 0,N. (VII). 

in the 

Preparation. (—)-Noradrenaline was shown to fc>c P^ e extracted from the 

medulla in 1949 (18) and it may be separated from ad rc on 11 years ago by the 

glands (19). Racemic noradrenaline was synthesised lac corresponding 

reduction (20) of amino-3 : 4-dihydroxyacetophenonc ( s ' 
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Racemic noradrenaline can be resolved in the same way 
Properties. M-p. 216-5° to 218° (dec.); [aft 5 -37-3° C c 
with one equivalent of HC1). The hydrochloride melts 
—40° (c= 6 per cent). (—)-Noradrenaline (4-)-hydJ'°^ eIX ^ 
melts at 102° to 104°; [aft 5 -11° (c=l-6 per cent in water;* 
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(—)-Thyroxine. C 15 H n 0 4 Nl 4 . (XII). It was found in the late nineteenth 
century that removal of the thyroid glands of experimental animals caused the 
appearance of myxoedema. Oral administration of thyroid extract was found to 
abolish the condition in human beings. Kendall isolated the active principle 
from thyroid gland tissue in 1919 (23) and named it thyroxine; this substance was 
the first material to be isolated from the tissues of higher animals and shown to 
contain iodine. Harington improved the method of extraction (24) and estab¬ 
lished the constitution of thyroxine (25). 

Preparation. Thyroxine is present in the thyroid gland in a bound condition; 
it forms part of a protein and is freed by hydrolysis with baryta. The barium salt 
of thyroxine so obtained is suspended in dilute aqueous sodium hydroxide and 
the barium ion is removed as barium sulphate. The filtrate is treated with 
50 per cent sulphuric acid while boiling until just acid to Congo red. The 
precipitate is dissolved in N sodium hydroxide, ethanol is added to 80 per cent 
concentration, filtered and the boiling filtrate is acidified with acetic acid. 
Thyroxine separates in a partly crystalline condition. It may be purified by dis¬ 
solving in boiling 0*5 per cent sodium carbonate solution; on cooling, the sodium 
salt separates out and may be converted into thyroxine by dissolving in ethanol 
and again precipitating with acetic acid (24). Improvements in this method have 
been patented (26). 

Synthesis. (—)-Thyroxine was synthesised by Harington in 1927 (25) but a 
more convenient synthesis has been published by Hems et al. (27). The starting 
material is (—)-tyrosine and there is no appreciable loss of optical activity during 
the synthesis so that (—)-thyroxine is obtained as the final product. (—)-Tyro- 
sine in sulphuric acid is converted by nitric acid to 3 : 5-dinitrotyrosine (VIII). 
This is acetylated and the acetate is esterified by ethanol and 4-toluenesulphonic 
acid in chloroform. The product IX is then condensed in pyridine with 
4-methoxyphenol to yield the substituted diphenyl ether, viz. ethyl 3 : 5-dinitro- 
4{4-methoxyphenyl)-N-acetylphenylalaninate (X). This is hydrogenated to the 
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Me0^J>-0-^J>CII S! CH . COOEt 

1 NHAc 


ho /A-o_</A ch 


. COOH 


NH 


corresponding diamine. The Sandmeyer reaction adon^eAction 

verted to the diiodo derivative (XI) is of special interest; -trie he usual aqueous 

is carried out under anhydrous conditions and, instead ^ o _t e reaction 

sodium nitrite solution, nitrosylsulphuric acid is used - w hen the normal 

when the amine is only weakly basic and often. sljccee ound (X.I) is first 

diazotisation technique is inadequate (28). The diiodo c ^j” t j ien the phenolic 
demethylated with hydriodic acid in glacial acetic acid an tr i e thylamine; on 

ring is iodinated by iodine and potassium iodide in acjnc steps in the syn- 

hydrolysis (— )-thyroxine (XII) is obtained. The imp ort a n 
thesis have been patented (29). _ is (30)- 

Racemic thyroxine can be resolved by enzymatic ity an d [ajr> —^*7 (‘ n 
Properties. (—)-Thyroxine has a m.p. 233° to 235° C c *^ c: * r cen t ethanol). T e 
A^ethanolic NaOH); the sodium salt has —3*8° 0 f rny xoc( ^ e ”’j'' ^ 

sodium salt, which is a pentahydrate, is used in the treatm gland an ro 

Triiodothyronine, (XIII), has been isolated from th e ^^^ e £s fdractive 


the blood. It has been suggested (31) that triiodotn 
thyroxine by deiodination in the extrathyroidal tissues 
hormone. 
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Insulin. Mol. wt., 5733. (XIV). Insulin is secreted h ° r ^u t ic agent 

hans, groups of cells situated in the pancreas. It is an eS ^ an t t ;1 disturb- 

metabolism of carbohydrates in animals and is an irnpo oe c secretion 

for the treatment of diabetes mellitus, a disease in whion^^. ^ time that 

ance of carbohydrate metabolism due to an impairment for s ° t j lf . p aricr ^* 

of insulin from the pancreas. In 1922 it had been ^ n ° _ rC d rid fJest C ' 


Insulin. Mol. wt., 5733. (XIV). Insulin is secreted b X^ tij 
hans, groups of cells situated in the pancreas. It is an eS ^ tan t 


symptoms characteristic of diabetes mellitus in man apP p ; 
was removed from experimental animals and in that y e 
obtained an extract of pancreatic tissues that was s uC 
insulin in the form of an acid aqueous purified extract 
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on a large scale. It was first obtained in crystalline form by Abel in 1927 (33) 
and improvements in its manufacture have since been described (34, 35). Insulin 
is a protein composed of 51 amino acids; there are appreciable differences in the 
composition of insulin obtained from different species but the complete formula 
XIV for ox insulin has been elucidated by Sanger (36). 



Gly. lieu. Val. Glu. Glu. Cy. Cy. Ala. Ser. Val. Cy. Ser. Leu. Tyr. Glu. Leu.— 

I 

s 

I 

NH.NH, S 

I I I 

Phe. Val. Asp. Glu. His. Leu. Cy. Gly. Ser. His. Leu. Val. Glu. Ala. Leu.— 

NH a NH a 

I l 

—Glu. Asp. Tyr. Cy. Asp 
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s 

I 

—Tyr. Leu .Val.Cy.Gly.Glu.Arg.Gly.Phe.Phe.Tyr.Thr.Pro.Lys. Ala 

XIV 

Extraction. Banting and his co-workers stated the basic problems of insulin 
extraction, the most important of which is the avoidance of the destructive 
action of proteolytic enzymes; this is effected by the use of ethanol to precipitate 
most of the enzymes without loss of insulin and by the use of sufficient acid to 
give a pH below 3-5, at which the enzymes are inactivated. The other problems 
are the purification of the insulin from inactive protein and lipoid material. 
Details of the method used by the British manufacturers have not been pub¬ 
lished (37) but it is based on these essential principles; the yield and quality of the 
product depend largely on careful attention to details at each stage of the process. 
The following description of the extraction procedure is based on that of Romans 
(34). The usual source of insulin in this country is ox pancreas, but pig glands 
are also used. The glands are frozen as soon as possible after the death of the 
animal and maintained in that condition until extracted; they are then minced 
into acidified ethanol of such a strength that the final extract contains about 
70 per cent of ethanol. The acidifying agent may be a mineral acid but organic 
adds have been used (38); the extract is centrifuged to remove protein and fatty 
material from which the proteolytic enzymes may be recovered (39). The 
filtrate is adjusted to pH 8 by the addition of ammonia (40) and again filtered; 
the filtrate is acidified and evaporated under vacuum to remove the ethanol, 
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when fat separates and is removed. The insulin may then t> 
tation as the picrate or it may be salted out and crystallise^ t *y 

of the pH (41). _ T e ctric point 

Properties. Insulin is almost insoluble in water at: tbe isc>e ^ j >e p r ecipi- 
pH 5*2, but it is readily soluble in more acid or alkaline media; Jt c hIotide; it ,s 
tated by half saturation with ammonium sulphate or sodium j j(>s photungsti 
insoluble in absolute ethanol. Insulin is precipitated by pi crlC ’ 
and trichloroacetic acids; it is stable for a considerable time 
solution but the activity disappears in alkaline conditions. c f the blood 

Long-acting insulins. Ordinary insulin is soluble a*: the rIie <Jiate effect, 

(pH 7‘3) and therefore, although on injection it has an alm° st ^ lS 

this is transient and the diabetic patient needs frequent doses to over- 

blood sugar at the normal level. Numerous attempts have been ^ jriore pro 
come this difficulty and to prepare an insulin compound r* in wbicb 

longed action. Hagedorn in 1935 (42) introduced protamin C ‘salmon i u ble 

ulin : ^e brought 

the bmt t* prot aini» c 

eutra 1 differs 

V p^ ta r: n o c f 


the 

Scott 


insulin is combined with a protein, protamine, obtained fronri 
(43) showed that the addition of zinc formed protamine zinc ***®] 
compound, that could be injected as a suspension and for the • 
a single daily injection within reach (44). N.P.H. insulin C-*- s yl 
Hagedorn), also known as Isophane Insulin, was later intto 


from ordinary protamine zinc insulin in not containing an 
and in being miscible with unmodified zinc insulin (45). 
insulin that have been suggested are: Surfen insulin (46) irl 
(2-methyl-4-amino-6-quinolyl)urea is used; globin instil*** 


comp 1 

b * z 

con 1 


J 

3-bis- 
(48> 

globin, a protein obtained from beef haemoglobin; and polyly sir * ^ ^ctintf? 

which insulin is combined with a polypeptide have also been lc>**^'’ 


In 1952 Hallas-Moller and his co-workers reported on 2 
insulin (49 to 51). They have confirmed and extended the '*vc» r * c "'^ple^c 

who showed in 1939 that insulin could be precipitated as a zi**o *^(~ , boy r : 

chloride in the presence of sodium acetate as the buffering ir» 
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rendered soluble. The new long-acting insulin is as insoluble _ j 

insulin at the pH of the blood and thus protamine and other s***^*, — d 
are unnecessary. The method of preparation is as follows. Zin* 0 fo*" 5 

from thrice crystallised insulin by the addition of 2 mg of z* r ^ c: ^ 

units of insulin in the presence of sodium acetate; when the pH- j e 

► ■» 


6 the insulin compound is crystalline and, once formed, it is 
range of pH; outside this range of pH the compound is an amo*"P 
length of action of the insulin compound varies in proportion* „ c - 
size. This amorphous material has been named Insulin ^ ^ 

(amorphous). It exerts a hypoglycaemic action in man for a ^ 0 ,V-jie) ^ *7 

crystalline material is named Insulin Zinc Suspension (cryst:3-* 
its effect over 24 to 36 hours; a stable mixture of 3 parts of amo*'!^^ 
of crystalline material is called simply Insulin Zinc Suspension* 
lasting for 24 hours; this is due to the early action of the a*"* - * 
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followed by the more prolonged effect of the crystalline material. The absence of 
foreign proteins from these newer insulin preparations lessens the possibility of 
allergic reactions after injection. Soluble insulin is still used in severe diabetic 
ketosis. 

Oxytocin. (XV). This hormone causes contraction of the uterus and has, 
together with vasopressin, been isolated from the posterior lobe of the pituitary 
gland. Purified oxytocin has been obtained by the use of the Craig counter- 
current technique (53). Oxytocin is a protein composed of 9 amino acids; the 
structural formula was proposed independently by Tuppy (54) and Du Vigneaud 
and his colleagues (55, 56); it has been synthesised by the latter workers and by 
Boissonass (57). All the amino adds shown in the formula for oxytodn have the 
(—) configuration. The chemistry of the hormones of the posterior pituitary 
gland has been reviewed by Pincus and Thimann (58). 

Cy-Tyr-Ileu-Glu-A8p-Cy-Pro-Leu-Gly(NH s ) 


S-S 

XV 

Vasopressin. Hypophamine. (XVI). This compound, which causes a rise in 
blood pressure on injection and also has diuretic properties, has been isolated 
from the posterior pituitary gland (59). Vasopressins from the ox and the pig 
are similar but not identical compounds; an arginine residue in the former 
hormone is replaced by lysine in the latter. Both compounds have been syn¬ 
thesised by Du Vigneaud and his colleagues (60). The formula of bovine vaso¬ 
pressin is shown below. 

Cy-Tyr-Phe-Glu(NH 1 )-Asp(NH 1 )-Cy-Pro-Arg-Gly(NH 1 ) 


S-S 

XVI 

Vasopressin tannate has been introduced as a compound with a long duration of 
action (61). 

Corticotropin. Adrenocorticotrophic hormone. ACTH. This hormone 
stimulates the adrenal cortex to secrete its series of hormones. It is extracted 
from the anterior lobe of the pituitary gland (62, 63). Little is yet known of its 
structure except that it is a polypeptide composed of amino add residues. 
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Introduction. The antibiotics covered in this chapter are penioi 1 ^* n 
chloramphenicol, the tetracycline group, erythromycin, 
myxin B. 

To Pasteur and Joubert goes the honour of having publisfroel 
of microbiological antagonism. In 1877 (1) they discovered 
air-borne bacillus was able to check the growth of Bacillus 
envisaged the use of this activity for therapeutic purposes- 
before the discovery of penicillin, numerous workers shovve 
yeasts and moulds were able to inhibit the growth of other" 

In some cases metabolic antibacterial products were isolated -- c jjnic 
fluids. Products of this type are now known as antibiotics- ^ erf 

these early antibiotics was limited by their high toxicity and 

comparable with the known antiseptics such as formaldehy*^_ri^ e S P 

chloride. In September 1928 came the discovery of penicillin- 1 

of the mould Penicillium notatum landed on a bacterial culture 
laboratory in London. The mould grew on the surface of the 
and in its vicinity the bacterial growth was suppressed. Fleming" 
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interested in the problem of natural bacterial inhibitors, and so ^ 0 f 

culture of the mould and then determined which of the main g r ° ^ uf e fl al 
were sensitive to the culture fluid. He suggested that since the 
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neither toxic nor irritant, it might well be an effective antihno^ 
injection into areas infected with penicillin-sensitive organisms 

At this time, six years before the introduction of the sulp^. re iy 
attitude of most people towards bacterial chemotherapy was 
and Fleming’s suggestion was not acted upon. In 1930, Raistr lC 
leagues (3) attempted to isolate and purify the antibacterial ag^r* 1 
culture fluid, but they had little success. They did, however, ^ xrf 

new facts. They found that the mould could be grown upon a sy ^ 1 
and that it produced besides penicillin, a yellow pigment wh' c _ 
chrysogenin. They found that, although on extraction of the 
fluid with ether the antibacterial activity passed into the solvent* 
the ether destroyed this activity. ^ 

There the matter rested until 1938. In that year a backgrcn- 1 *" 1 & 

research upon the natural antibacterial substance lysozyme led 
at Oxford to consider the extension of their work to other antibaCf^ - a * 
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A review of the literature by Chain showed that in common 
antibacterial agents, Fleming’s penicillin was worthy of further 




has stated (4) that the work upon penicillin was undertaken purely 
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of establishing its chemical nature and was not motivated by the belief that 
penicillin was a new antibiotic of great potential therapeutic value. The Oxford 
workers soon discovered the essential property for the concentration of penicillin 
to be the relative solubility of the substance under acid conditions in certain 
organic solvents, and the solubility of its sodium and barium salts in water. By 
taking advantage of this reversal of solubility a weak solution of crude penicillin 
was obtained. In 1940, trials upon mice infected with pathogenic bacteria 
demonstrated that penicillin had therapeutic value (5) and in 1941 the first 
clinical trials were carried out (6). British pharmaceutical houses were extremely 
interested in the future of penicillin as a therapeutic agent, but England in 1941 
was a country at war, and there was at first a lack of official support for any plans 
for the commercial production of penicillin. 

Florey and Heatley visited the U.S.A. in June 1941 to seek aid from American 
manufacturers. As a result, American workers investigated and solved the 
formidable problem of the submerged culture method for the manufacture of 
penicillin. The mould used was Penicillium chrysogenum since it was found to be 
more suitable for deep culture than P. notatum. Another notable advance in 
manufacturing technique was the use of a culture medium containing corn steep 
liquor as a source of nitrogen. This liquor is a by-product of the starch industry 
in the maize-producing areas of the U.S.A. Maize is soaked in water containing 
sulphur dioxide during one stage in starch manufacture and it is this liquor 
which is used in antibiotic production. The deep-culture method of production 
of penicillin has been universally adopted, and it forms the basis for the pro¬ 
duction of the other antibiotics. 

The discovery of penicillin was due to the fortuitous growth of PenidUium 
notatum upon Fleming’s culture plate. Florey (7) has described this as ‘quite 
one of the luckiest accidents that have occurred in medicine, for, without 
exception, all the other mould antibiotics so far examined are poisonous’. The 
discovery of the other antibiotics now in use has been the result of an immense 
amount of planned research beginning with the preliminary screening of 
thousands of micro-organisms and their metabolic products. Actinomycetes (or 
Streptomycetes as they have been called) are micro-organisms found in the soi). 
At one end of this ill-defined group are bacteria-like organisms and at the other 
the Streptomyces which are much-branched elongated rods related to the moulds. 
In 1939 a team of workers in the U.S.A. began a systematic investigation of the 
antibacterial substances produced by the actinomycetes. In 1944 (8) Waksman 
crowned a life-time of research upon actinomycetes by the isolation of strepto¬ 
mycin from cultures of Streptomyces griseus. Clinical trials (9) established its 
usefulness and later it was shown to be a powerful tuberculostat (10). Strepto¬ 
mycin was soon in commercial production by the deep-culture method. 

The isolation of chloramphenicol from a culture of Streptomyces venezuelae 
was announced in 1947 (11). The micro-organism used was isolated from a soil 
sample taken from a mulched field in Venezuela. The same antibiotic substance 
was later obtained independently from another soil culture (12). Chlorampheni¬ 
col was originally prepared by the fermentation technique, but it was soon 
synthesised and is now produced commercially by chemical methods. 
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Chlortetracycline was isolated from cultures of •S'- 4 ^ 

1948 (13) and oxytetracycline from cultures of ^mostrs in S ’ 

Tetracycline was prepared in 1953 (15). Other useful antibiotu ^^ lT ^_^ reus 
cultures of Streptomyces are erythromycin isolated from c«alt:iAres o i eacxie s in 
in 1952 (16) and neomycin first obtained by Waksrnan a n ,s co 

1949 (17) from cultures of S. fradiae. _ . streptomyces. Poly- 

All the above antibiotics are produced by Pettier 11****** ° r ri f yxa by indepen- 

myxin, which was isolated from die culture fluid of Bcr*?*****^ roc j ucec J by a 

dent groups of workers in 1947 (18, 19, 20), is an a.r»tib»o lC 
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The most noteworthy penicillins are listed below: 
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penicillin G (benzylpenicillin). Studies on the relative stat* 1 u sC t jie e^P e 


c^^ st ^ ou0 as 

for 
tbesise 


itvients. 


and efficacy of the different penicillins have led to the g er V~ - jj£ ji 
in medical practice. The production by the mould of cC j't a * r \. 

of other forms is due to the presence in the medium ° _ 

derived from proteins, that are termed precursors. 
influence the course of the synthesis by the mould. 

example, has been detected in corn-steep liquor and aids gj-ofP' 

benzylpenicillin by supplying it with the preformed ben z y 


320 


THE CHEMISTRY OP DRUGS 


in 1943 found that the addition of phenylacetic add to the medium stimulated 
the formation of benzylpenidllin and it is now common practice (22) to add 
0 05 per cent of precursor to influence the course of the fermentation. Many 
hitherto unknown penidllins have been obtained by the use of this technique (23). 

The mould strains now used for industrial fermentation have been obtained 
by careful selection (24). High-yielding strains have been obtained by mould 
mutations brought about by X-rays, ultra-violet rays and nitrogen mustards. 
By these means strains yielding 3,000 units per ml have been produced. In 
contrast the penicillin solutions used by the Oxford workers contained only 
50 units per ml. 

Benzylpenicillin. C ia H ia N t 0 4 S. (I). 

Preparation. All the benzylpenidllin produced commercially is obtained by 
the fermentation process. A chemical synthesis has been evolved, but it is not 
competitive with the fermentation method, as the yield is very poor. 

Penicillin is a metabolic product of the mould fermentation of an aqueous 
nutrient solution. The master culture, which in recent years has often been 
Penicillium chrysogenum Wis.Q.176, is used to seed a flask *>f nutrient broth and 
the mould obtained is moved successively to a 10-gallon, thence to a 100-gallon, 
to a 1,000-gallon and finally to a 10,000-gallon vessel. This final fermentation 
vessel contains the culture medium which has been heat-sterilised. A typical 
culture medium (25) contains the following parts by weight of solids in 1,000 
parte by volume of aqueous solution: lactose 20, corn-steep solids 20, sodium 
nitrate 3, dipotassium phosphate 0 05, magnesium sulphate 0-125, caldum car¬ 
bonate 1*8, phenylacetic acid 0*5. 

The fermentation is carried on for two to three days at a controlled temperature 
of 24° C., and during this period sterile air is blown through the medium at the 
rate of 0*5 to 1 volume of air to 1 volume of medium per minute. The fermenta¬ 
tion vessel is sealed, and a small positive air pressure is kept inside the vessel to 
prevent the entry of harmful material from the outside air. Some bacteria, 
notably strains of Escherichia coli, secrete the enzyme penicillinase which ruptures 
the basic penicillin structure. These organisms must therefore be rigorously 
excluded from the working area. This problem of sterility is the most important 
single factor in penicillin manufacture. The air used is sterilised by filtration 
through slag wool or charcoal and all pipe-work and valves serving the fermenter 
are steam jacketed. The even distribution of air through the medium is aided by 
high power stirring which breaks down the mycelium mass and prevents 
coalescence of the air bubbles (26). The combination of air and cellular material 
present in a fermenter is ideal for foam formation and therefore periodically 
during the fermentation a charge of sterile anti-foam agent is added. A 3 per cent 
solution of octadecanol in lard oil has been used for this purpose and it has been 
suggested that the lard oil also acts as a source of energy and helps to increase 
yields. 

After fermentation, the vessel contents are cooled rapidly and the mycelium 
is filtered on a sterile rotary filter. The cooled filtrate is acidified with phosphoric 
acid and butyl or amyl acetate is added. The mixture is passed through a high¬ 
speed, counter-current extraction machine and then centiifuged. Emulsions are 
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commonly formed and are broken with the aid of sl wetting agent ( )- xe 

solvent solution of penicillin is then shaken with drilled so ium car^ ne j 
solution and an aqueous solution of crude sodium benzylp cnicl ^ 1 W eak 
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made from natural benzylpenicillin. The overall yield of benzylpenicillin (V). 
was 0-14 per cent of theoretical. A 19 per cent yield of benzylpenillic acid (VI) 
was obtained as a by-product. The chemistry of penicillin synthesis has been 
reviewed by Ohle (35). 

Preparation of other penicillins. As mentioned above (23) a standard method 
is used for the biosynthesis of new penicillins. The type of penicillin obtained is 
determined largely by the precursor present in the nutrient liquor. Phenoxy- 
methylpenicillin (penicillin V), for example, is obtained when 2-phenoxyethanol 
or phenoxyacetic acid are used as precursors (36, 37). Penicillin V would appear 
to be more stable under acid conditions than benzylpenicillin and it can therefore 
be administered orally, since it is only slowly attacked by stomach adds. Peni¬ 
cillin V has been synthesised (37a). 

Properties of the penicillins. All the penicillins are fairly strong acids with a 
p K value of approximately 2*7. They are soluble in most organic solvents except 
for the aliphatic hydrocarbons. 4-Hydroxybenzylpenicillin is exceptional, being 
comparatively insoluble in chloroform. The penicillins are only sparingly soluble 
in water and are rapidly deactivated by aqueous acids to give penillic acids. 

Clinically, the penicillins are often employed in the form of their sodium or 
potassium salts or as compounds with amines. Sodium benzylpenicillin has a 
m.p. of 215° and an [a]^ of -f 302°. It is soluble in water and fairly soluble in 
methanol, but only sparingly soluble in ethanol. It is almost insoluble in iso- 
propanol, normal and tertiary butanol, acetone, ethyl acetate and pyridine. Pure 
sodium benzylpenicillin is used as a standard for penicillin potency. One 
penicillin unit is equivalent to 0-000006 g of sodium benzylpenicillin. The 
potassium salt melts at 214° to 217° and has an [a]? of +310°. The ammonium 
salt melts at 137° to 138°. Triethylammonium benzylpenicillin melts at 145° to 
147° (dec.) and has an [a]S of +236° and the N-ethylpiperidinium salt melts 
at 167° to 168° (dec.). 

Sodium 2-pentenylpenicillin forms a trihydrate with a melting-point of 204° 
to 205° and has an [a]n of -f~316°. The benzylammonium salt melts at 126° 
to 127°. Sodium 4-hydroxybenzylpenicillin melts at 228° to 235° and has a 
comparatively low rotation at [a] D -f267°. The benzylammonium compound 
melts at 134° to 135°. It is a monohydrate. 

The potassium salt of penicillin V has a m.p. of 263° (dec.) and [a]? 
+223° (c=0-2 in water). 

Long-acting penicillin compounds. The procaine salt of penicillin was the 
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first successful long-acting penicillin compound; many other similar compoun s 
have been introduced. The method of preparation is normally t at in w ic^an 
amine salt is caused to react with sodium benzylp>enioillin-^ I * 1 , VT ^ociiuni 
for example, is made by the reaction of procaine 
benzylpenicillin (38). The product has a moledjlar 

and a m.p. of 129 to 130 . _ . T - -■« vlethy lenediamine 
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iodide. . n ^vith -llin long- 
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sulphamyl)benzoic acid (46). The latter compound r en 
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so produced is transferred first to a small tank and then to a layer tank and 
finally to a 15,000-gallon fermenter. The strains of S. griseus that produce 
streptomycin are rare in nature and an active strain may gradually deteriorate. 
It is therefore necessary continuously to select active strains from the mother 
culture. The usual methods of inducing mutants in PemciUia have been used 
also for Streptomyces (48). The culture medium used may have soya-bean or 
cotton-seed meal in place of the more usual corn-steep liquor as a source of 
nitrogen. The fermentation is carried out at 25° for about three days. An anti¬ 
foaming agent is added to the medium and sterile aeration is employed. In the 
early stages of growth Streptomyces griseus is susceptible to attack by a virus-like 
agent termed an actinophage and so sterility during the fermentation is essential. 
The reaction of the medium during the fermentation changes first to add and then 
to alkaline. The point of highest alkalinity, i.e. pH 8*2 to 8-6, corresponds 
to the highest streptomycin production. The mycdium is filtered and the 
filtrate is ready for extraction of the streptomydn. The penicillin method 
of solvent extraction of the aqueous solution is apparently not applicable 
to streptomycin and adsorption upon charcoal (49, 50) and upon a cationic 
exchange resin has been employed. The latter method is more efficient (51). 
Alternatively, tungstophosphoric acid may be added to the aqueous strepto¬ 
mycin liquor and the precipitated tungstophosphate converted to the sulphate 
(52, 53). 

Properties . Streptomycin is a water-soluble base that is stable at or under 
28° and between pH 3 and 7. It forms a trihydrochloride of [a]^> —86*1°. 
This compound combines with calcium chloride to form a complex (54). 
Streptomycin has been of great use as a tuberculostat. 

Dihydrostreptomycin. C*iH 41 N 7 0 lt . 

Preparation and properties. _ Streptomycin trihydrochloride can be reduced by 
hydrogen in the presence of Raney nickel or by aluminium amalgam to give 
dihydrostreptomycin (55, 56). It differs from the parent compound in that the 
aldehyde group in streptomycin has in dihydrostreptomycin been converted to a 
primary alcohol group. Dihydrostreptomycin has been prepared crystalline 
(57). It has no m.p. up to 300°. It forms a trihydrochloride [a]^ —95° and 
a trisulphate [a]? —88°. The latter has a m.p. of 255° to 265° (dec.). 

Chloramphenicol. d-(— )-fArw-N-(l : 1'-Dihydroxy-1-p-nitrophenyliso- 
propyl)dichloracetamide. D-( — )-threo- 1 -(4-Nitrophenyl)-2-dichloroacetamido- 
1:3-propanediol. C n H la Cl 8 N 2 O s . (XIV). 

Preparation. The clinical success of penicillin and streptomycin led to an 
intensive search for other useful antibiotics. The discovery of chloramphenicol 
• was announced in 1947 (11, 12). It was originally prepared by fermentation and 
was obtained as a pure crystalline substance in 1948 (58). Chemical synthesis 
followed rapidly and all chloramphenicol now produced commercially is made 
by the synthetic route (59, 60). The method used is as follows (61, 62): 

NO,<^~\cOCH,Br + (CH,),N 4 ->- NO,<^~^>COCH,(CH 1 ),N,Br 

VIII IX 
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Chloramphenicol palmitate is an ester of the parent substance that has none 
of the disagreeable bitter taste possessed by chloramphenicol. It is prepared by 
the reaction between palmitoyl chloride and chloramphenicol in boiling benzene 
(66, 67) and it melts at 95°. 

The tetracycline group of antibiotics. This group comprises chlortetra- 
cycline (XV), oxytetracycline (XVI) and tetracycline (XVII). The latter sub¬ 
stance has the simplest structure of the three, but was in fact discovered last. 



XVII R 1 =H, R,=H 

Chlortetracycline. C 2a H a8 ClN a 0 8 . (XV). 

Preparation. Chlortetracycline was isolated by Duggar in 1948 (13) and the 
structural formula now used was proposed in 1954 (68). A fermentation method 
is used for the production of this antibiotic. The organism used is Streptomyces 
aureofaciens and mutants have been introduced (69). The usual antibiotic 
fermentation technique is employed (70, 71). After filtration from insoluble 
material, the liquor containing crude chlortetracycline can be treated with an 
organic acid to give a water insoluble salt that is then dissolved in amyl alcohol. 
The solution is basified with caustic soda solution and the solvent phase separated 
and made acid with dilute sulphuric acid. Chlortetracycline crystallises and can 
be converted to the hydrochloride. Other methods have been used (72). 

Properties. Chlortetracycline has a specific rotation in 0*1 N hydrochloric 
acid of —240°. The hydrochloride is a yellow crystalline powder that possesses 
a bitter taste. 1 g dissolves in 75 ml water and in 560 ml of ethanol. It is 
soluble in solutions of alkali hydroxides and carbonates and insoluble in acetone, 
dioxane, chloroform and ether. 

Oxytetracycline. C^H^NjO^HjO. (XVI). 

Preparation. Oxytetracycline was discovered in 1950 (14) and the formula 
now used was proved to be correct in 1952 (73). The submerged culture method 
of production is used and the micro-organism that elaborates oxytetracycline is 
Streptomyces rimosus (74). The fermentation broth after filtration may be 
basified and the oxytetracycline extracted with butanol (75). Alternatively, 
oxytetracycline hydrochloride can be salted out from the acidified aqueous phase 
into a solvent from which it crystallises (76). More recent patents describe 
water-insoluble complexes formed by oxytetracycline with barium and mag- 
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nesium chlorides (77), with dyes (78) and with quaternary ^e*hvdrochfoHde. 
These complexes can be filtered and converted to oxytetraey . -vvith a specific 
Properties. Oxytetracycline is a yellow crystalline - Jitv in solutions 

rotation of approximately—212° in 0-1 N HC1. It loses Ives in lOO ml of 
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Erythronolide Cladinose 

XVIII 


water-soluble salts with acids. The hydrochloride which forms white needles of 
m.p. 170° to 173° is very soluble in water and the lower alcohols. It is slightly 
soluble in ethyl acetate and insoluble in ether, amyl acetate and chloroform. 

Several compounds of erythromycin have been introduced for clinical use. 
These include the ethyl carbonate, the glucoheptonate, the lactobionate and the 
stearate. 

Neomycin. 

Preparation. The isolation of neomycin from cultures of Streptomyces fradiae 
was announced in 1949 (17). The fermentation procedure follows normal 
practice (85). After filtration the liquor may be acidified and the neomycin 
adsorbed upon charcoal or upon a cationic resin (86). Alternatively, an aqueous 
solution of neomycin may be rendered acid and reacted with sodium 2-anthra- 
quinonesulphonate to give a precipitate of the neomycin anthraquinonesul- 
phonate. This may be converted to the sulphate by addition of sulphuric add 
and this latter salt on passage through an anion exchange column yields neomycin 

m 

Properties. Neomycin sulphate, the salt which is used clinically, occurs as white 
crystals soluble in water (1 g per ml) and slightly soluble in ethanol. It is 
insoluble in acetone, chloroform and ether. Its solutions are dextrorotatory. It 
differs from other antibacterial agents in being active in alkaline solution. 

Polymyxin B sulphate. 

Preparation. Polymyxin is a mixture of polypeptides produced by Bacillus 
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polymyxa (B. aerosporus). It was first described i n ^ C * ^ D* a nd^E "and 

mixture has been separated into five components named -A, » . an , V88) 

the amino acid content of the different polymyxins has t>een ubstance 

Polymyxin B sulphate has been used clinically but it appears t: a 1 

is not a single entity (89). . ^ -u uS f or a few days at 

Polymyxin is made by submerged cultivation or the °ac-i lactose, corn- 

25 0 in a neutral medium (90). The medium con taixxs, f° r examp^i^^ sulphate, 
steep liquor or soya-bean meal, ammonium chloride, ^t is aerated during 
potassium dihydrogen phosphate and sodium chloride, jodically- When fer¬ 
tile fermentation and anti-foaming agents are added P e ^ he insoluble material 
mentation is complete, diatomaceous earth is added ari ^S witb butanol which 
is filtered. The filtrate may be rendered alkaline, extracte ^ ^yeak aqueous 

is then extracted with dilute hydrochloric acid. Ira reacted with 

solution of polymyxin hydrochloride is obtained- .. t haJenesuIph“;f e 
naphthalenesulphomc acid and the polymyxin napl 1 arJ1 rnon ,a (91)- . . 

nrecinitates can he converted to nolvmvxin bv addition o n{ 1 reacted wi 

Structural 


formulae 


that 
After 

of 

further purification the polymyxin is suspended in etna 

concentrated sulphuric acid to yield polymyxin B sulph^ te ' vvith 

have been proposed for polymyxin B (92, 93). . j t forms 3 t j ie 

Properties. Polymyxin B is a laevorotatory materim- flavia natc ^ble in 

mineral acids and also derivatives such as the picrate, - g ■*" '“ 1 v 30 

helianthate. Polymyxin B sulphate is a white powder * 
water and slightly soluble in ethanol. 
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CHAPTER XVIII 


Vitamins 

Vitamin A. Vitamin A alcohol. Axerophthol. In the early years of this century 
it was first observed that the absence of a certain fat-soluble factor from the diet 
of experimental animals led to lack of growth and ultimately to death (1,2, 3). 
This growth-promoting substance was later named Vitamin A. It was found to 
be present in cod-liver oil, which had been used medicinally for many years for 
its nutrient properties; later other fish-liver oils were found to be much richer 
sources of the vitamin, particularly halibut- and tunny-liver oils and the liver 
oils of certain sharks. In these oils vitamin A is accompanied by vitamin D in 
which halibut- and tunny-liver oils are particularly rich. Vitamin A also occurs 
in mammalian livers in which the amount of vitamin D is small; whale livers are 
a very rich source of vitamin A and are an important commercial material for the 
production of concentrates of natural vitamin A. When these oils are saponified 
the vitamin is concentrated in the unsaponifiable matter; further concentration 
may be effected by molecular distillation. 

The structure of vitamin A was established in 1931 (4) and it was first isolated 
in pure form in 1942 (5). 

Vitamin A is present in fish-liver oils as a mixture of geometrical isomers; 
the all -tram form is the most abundant and is known as vitamin A x (I); the trans- 
cis isomer is called neovitamin A (II); synthetic vitamin A is the all-trans isomer. 
These two forms are present in marine fish-liver oils in the approximate ratio 
of 65 per cent vitamin A 1 and 35 per cent neovitamin A (6). A third form of 
vitamin A called Vitamin A 8 is found in the liver oils of fresh-water fish and in 
small amounts in marine fish-liver oils; it has the structure III and has recently 
been synthesised (7). Vitamin A occurs in nature almost entirely in the form of 
esters with fatty acids (8); the unsaponifiable matter of oils contains the free 
alcohol. 

Certain carotenoid compounds found in nature are capable of conversion in 
the body to vitamin A; these supply a major part of the vitamin A requirements 
of human diet. All -trans /?-carotene is the most important of these compounds; 
it can be extracted from carrots, alfalfa and other vegetable tissues and the 
mixture of isomers so obtained can be separated by chromatography (9). The 
conversion of the readily accessible /7-carotene by chemical means is a tempting 
possibility but so far no results capable of large-scale use have been obtained (10). 

The extraction of vitamin A from fish-liver oils. The main commercial sources 
of vitamin A until the synthesis was made commercially possible were whale- 
oil and the liver oils of halibut, cod, shark and dogfish. The crude oil is 
saponified under nitrogen, the unsaponifiable matter is extracted with light 
petroleum, and after evaporation of the solvent, the residue is fractionally 
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crystallised from methanol; the sterols crystallise first, °matoeraphy or by 

vitamin A is obtained. It may be purified by means or c ro 


high-vacuum distillation ( 11 ). 


13, 


, -Have appeared (12, 
Synthesis of Vitamin A. Several reviews of this subjec 

14) on which the account given below is based. . £ or t ^ e synthesis of 

1. From (i-ionone . This is an obvious starting-P 01 ” Had been successfully 
vitamin A and it was claimed in 1937 (15) that the v * tar T* iri | a ter workers (16, 17). 
prepared from this source, but this was not confirmed ^yniished (18). 

More recently a new synthesis from /S-ionone has been p ^^jg Q f vitamin A, 
Note. In all the following reaction schemes for tfie s 


Me, 

R= 

by the Reformatsky 

/9-Ionone (IV) is combined with ethyl b romoace ^ e tate (V). This is first 
reaction to give the key intermediate 0 -ionyIidene ^ v( j r j c |e and then oxidised 
reduced to the alcohol by means of lithium aluminium _ - The aldehyde, which 
to the corresponding aldehyde (VI) by manganese ,^^ e t 0 ne in the presence of 
is a mixture of cis-trans isomers, is condensed wit 
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aluminium ter/.-butoxide to form the C 18 ketone (VII). A further Refonnatsky 
reaction and dehydration of the hydroxy ester (Vila) with iodine leads to VIII 
which is saponified. The acid so obtained is reduced with lithium aluminium 
hydride and vitamin A alcohol is produced (IX). 

R. CH=CHCOMe -> R. CH=CHC(Me)=CHCOOEt 
IV V 

-*R. CH=CHC(Me)==CHCHO 

VI 

->R .CH=CHC(Me)=CHCH=CHCOMe 

VII Me 

I 

-* R. CH=CHC(Me)==CHCH=CHCCH jCOOEt 

I 

Vila OH 

->R.[ CH=CHC(Me)==CH] ,COOEt R. [CH^HCfMe^HJjCHjOH 
VIII IX 

Similar syntheses have been published by Philips (19) and by Inhoffen (20). 
The ketone (VII) has been used for the preparation of vitamin A by other 
workers (21, 22). 

/i-Ionone has been used as the starting-point in another route to vitamin A 

(23) , in which it was condensed with methyl bromocrotonate (X) to give the C 17 
acid (XI) which was converted to the C 18 ketone (VII). Van Dorp and Arens 

(24) used lithium methyl for the latter stage and Heilbron (25) cadmium dimethyl. 
Van Dorp condensed the C 18 ketone with ethyl bromoacetate and then de¬ 
hydrated and saponified the hydroxy ester obtained forming the all -tram 
vitamin A acid (XII). The sodium salt of this acid, buffered at pH 10, has an 
activity comparable with that of vitamin A alcohol. 

R. CH=CHCOMe + BrCH 8 -CH=CHCOOMe 

X 

-► R. CH==CHCMe==CHCH=CHCOOH 

XI 

-►R. CH=CHCMe=CHCH=CHCOMe 

VII 

-> R[CH=CHCMe=CH] 8 COOEt -> R[CH=CHCMe=CH] 8 COOH 

XII 
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In a further method in which /?-ionone is used acetylenic compounds are inter¬ 
mediates. In 1942 Heilbron (17) described the preparation of the C 14 aldehyde 
(XIII). He found that it would readily react with acetylenic compounds and in 
1945 he and his co-workers (26) prepared 1-hydroxy -3 -methylpent-2-enc-4-yne 
(XIV). Shortly afterwards Isler et al. (27, 28, 29) condensed these two com¬ 
pounds in the usual Grignard method, producing the acetylenediol (XV); this 
was then selectively hydrogenated at the triple bond with a palladium catalyst 
when partial acetylation of the compound obtained yielded the polyene glycol 
acetate (XVI). On treatment with iodine in light petroleum an allylie rearrange¬ 
ment occurred accompanied by dehydration and thus vitamin A acetate was 
formed (XVII). Crystalline vitamin A and a series of esters were prepared and 
by a similar method vitamin A methyl ether was produced. This method has 
been developed into a large-scale process. 


R.CH g CH—CMeCHO + HC=CCMe=CHGH 2 OH 
XIII XIV 

R .CH 8 CH=CMeCHOHC=CCMe— CZ HCH 2 OH 

XV 

R.CHjCH^MeCHOHCH^CHCMe^-CHCHaOCOMe 

XVI 

R[CH=CHCMe-CH] 2 CH 2 OCOMe 

XVII 


. __ r natents on the same 
Milas (30, 31) at about the same time published a series .Jerked j n this field 
type of reaction sequence. Golse and Gavarret have also 

(32); . « from fi-ionone all the 

Since the C 14 aldehyde (XIII) is ultimately derived star ting-material. 
above syntheses were therefore based on this compo un ^ been described (33) 

2. From cyclohexanone. A synthesis of vitamin -A- . a^ inater i a l. This com- 
in which 2-methylrydohexanone is used as the starting^^ solvent in the 

pound (XVIII) is first methylated by methyl iodide in a (XIX) is obtained, 

presence of sodamide when 2:2: 6-trimethyl<y^°hexa n ° acetylide in liquid 
This trimethylketone is added to a solution of s ° * o0 i (XX) is readily 
ammonia, when l-ethynyl-2 : 2 : 6-trimethylO'* r ^ i:? ^ 1 ^ Xa is condensed as the 
isolated; this is the key intermediate for this sy nt ^. eSlS 2 _one (XXI) in benzene 
Grignard compound with 6-methylocta-3 : 5 : 7-trien- C 2 o gly c °l (^XHl). 

to give the ditertiary glycol (XXII) which rearrang eS ^j-ogenated by means of 

The triple bond in this compound is then selectively^ which, in the final 

lithium aluminium hydride to the polyene glycol ^ acetate (XXV). 
step, is dehydrated via its acetate, yielding vitamin cv 
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Properties. Vitamin A melts at 63° to 64° and Has. JEL (1 per cent, 1 cm) 1 7 2 5 
at 328 m. The b.p. (molecular distillation ) is 120° t:o 125° at 5x 10~ a nini j t 
is insoluble in water but soluble in methanol, acetone, chloroform, ether and light 
petroleum. The methyl ether melts at 33° to 34° and has an activity equivalent 
to that of the free alcohol. Vitamin A is available commercially as an ester with 
a fatty acid. The acetate melts at 57° to 58° and the palmitate at 2S' J to 2*J J . 
Other esters have been prepared (27, 28, 34, 35). For a comprehensive treatise 
see Vitamin A by T. Moore, published by Elsevier. 


VITAMIN B GRO 1_J F 

The two vitamins that were first recognised were te rmed 'fat-soluble vi tarn i n 
A’ and ‘water-soluble vitamin B’ which had a curative action on beri-heri unci 
was found in rice polishings and in yeast. Later it -was found that neither of these 
substances was a single substance. Vitamin B "was recognised as a group of 
vitamins having different physiological functions. Some members of the group 
have not been recognised as having specific functions in Human nutrition .^i rice 
no symptoms or diseases are known that can be ascribed to a deficiency <>t * ,c ^ 
vitamins, but the following may be regarded as essential to human ea t i unc 
are administered medicinally: 


antincuritic 

antidermatitis 


anti-pellagra 
anti-pernicious anaemia 


d 


thiamine (vitamin B^ 
ribofiavine (vitamin B 2 ) 
nicotinic acid 
and nicotinamide 
cobalamins (vitamin B 12 ) 

„ , , , , , - * „jne fvitamin B„) derivatives 

Other members of the group are the pyridoxin, folic acid (pteroylgluramic 

(pyridoxol,pyridoxal,pyridoxamine) ) pantothenic acid, ^ sometimes cont, 

acid), choline, biotin and p-aminobenzoic acid. These 

in multivitamin preparations for human administration--y'itamin Bj. 3-(4- 

Thiamine hydrochloride. Aneurine hydrochlon iy_ 4 -methylthiazolium 
Amino- 2 -methyl- 5 -py rimidylmethyl)- 5 -( 2 -hy d r o:x: y Vr T 

chloride hydrochloride. C 12 H 17 ON 4 SCl.HCl. (X-X- crystalline vitamin 

Preparation. Jansen and Donath (36) were the fii* st to . . later it was named 
B t which they isolated from rice bran and named now been general ly 

thiamine by Williams in the U.S.A. and this name 

adopted. reaction of a pyrimidine 

The general method of synthesis involves ^ 

derivative (XXVI) with a thiazole compound (X.7^ v . t j^ e thiazole compound 

When X in formula XXVI is bromine, reaction converted to the 

yields thiamine bromide hydrobromide (37, 38); * 1 jde (39), by ion exchange 
required chloride either by reaction with silver c ° t - on with chlorine in the 
(40), or the bromide may be reacted in aqueous s °^j rieS with the phenol and 
presence of phenol; bromine is liberated and c ° \Vhen X is chlorine the 
thiamine chloride hydrochloride is obtained (‘4 /* 
chloride is produced directly (42). 



338 


THE CHEMISTRY OF DRUGS 


NH 



* CH,X 


XXVI 


nh 2 

N^\cH t NHCSH 

MclJ 


XXIX 
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By the use of 4-amino-2-methyl-5-thioforinamidomethylpyrimidine (XXIX) 
the need for a preformed thiazole nucleus can be avoided; e.g. 3-acetyl-3- 
chloropropanol (XXX) has been used (38, 43, 44). Other similar compounds 
have also been used (45). More recently certain Japanese workers have claimed 
that, since the formation of thiamine from its thiothiazole (XXXI) is almost 
quantitative, this route has advantages (46, 47, 48). 



Properties. Thiamine hydrochloride forms colourless plates which melt at 
about 248° (dec.). It is readily soluble in water (1 g in 1 ml) and soluble in 
methanol, but almost insoluble in anhydrous ethanol, ether and acetone. 

Riboflavine. Lactoflavin. 6:7- Dimethyl - 9 - (d -1 - ribityl)Moalloxazine. 
C 17 H 20 O 8 N 4 . (XXXVII). It was discovered early in the history of vitamins that 
milk contained a water-soluble growth factor differing from thiamine in being 
heat-stable (49). Many other plant and animal tissues were found to contain a 
substance with the same nutritional properties in that it was essential for the 
growth of rats. Originally it was named vitamin B 2 but this name is now given 
to the group of vitamins which includes riboflavine, nicotinic acid, pyridoxine 
and their derivatives, pantothenic acid, folic acid, 4-aminobenzoic acid, inositol, 
choline and biotin. 

The constitution of riboflavine was elucidated by Karrer and his co-workers 
in 1935 (50, 51, 52). 
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Preparation . Riboflavine is now often produced t»v » v 

but it is also made by synthesis. The first publisHed ^ P roces 

Karrer (50, 53) followed shortly afterwards by tHat of Kuhn (34 R tT ° f 

is the key intermediate in both these syntheses (although methods in which Tt» 
use is avoided have smce been published) and its preparation by various routes 
has been descnbed (56 to 59). 

In the original synthesis of riboflavine o-xylene was nitrated to 3 r 4— dimethyl - 
1 -nitrobenzene which, on catalytic reduction, yielded the corresponding amine 
(XXXII). The amino group was then protected t»y conversion to carbethoxy- 
amino and the resulting compound was first nitrated a.nd then reduced to yield 
l-carbethoxyamino-3 :4-dimethylphenyl-6-aminc»fc»enjzene (XXXIII); this sub¬ 
stance, when condensed with D-ribose, gave 2-carbethoxy-amino-4 : 5-dimethyl- 
phenyl-D-ribamine (XXXIV) which was hydrolysed to the free amine. The 
resulting 2-amino-4:5-dimethylphenyl-D-ribamine (XXXV) was then con¬ 
densed with alloxan (XXXVI) to give riboflavine The synthetic 

methods for the production of riboflavine have been reviewed by Robinson (60) 
and by Vogel and Knobloch (61). 
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The biosynthesis of riboflavine can be accomplished by a variety of micro¬ 
organisms including certain moulds, yeasts, species of Clostridia and Lacto¬ 
bacillus. A review of the subject has appeared (62). The mould Eremothecium 
Ashbyi is often used, in which case submerged culture with continuous agitation 
and aeration give the optimum conditions (63). The culture medium contains a 
carbohydrate together with, for example, egg albumin, 0*6 per cent, maize oil, 
0-6 per cent, KHjP 0 4 , 0*05 per cent, MgS0 4 .7Hj0, 0*07 per cent, NaCl, 1 
per cent, and FeS0 4 .7H s 0,0 001 per cent. Potassium, magnesium and sulphate 
ions are essential for riboflavine production and it is claimed that the use of a 
lipid such as maize oil increases the yield; it has also been claimed (64) that 
addition of barley sprouts to the culture decreases the growth of the mould, 
accelerates autolysis and doubles the riboflavine yield. The pH of the culture 
medium is 5-5 and fermentation is carried on for fifty to ninety days at 30°. 

The mycelium is filtered off and to the filtrate may be added a chemical reduc¬ 
ing agent (65) or a micro-organism such as Streptococcus faecalis which may be 
grown in the liquid (66). In either case a precipitate containing the riboflavine is 
obtained and is extracted with a polar solvent to yield riboflavine (67, 68). 

The riboflavine may also be adsorbed from the fermentation liquor on to a 
fuller’s earth or charcoal column and eluted therefrom. 

Properties. Riboflavine forms orange-yellow needles melting at 292° to 293° 
(dec.); it has a faint odour and a slightly bitter taste. It is sparingly soluble in 
water (12 mg in 100 ml at 27*5°; 260 mg in 100 ml at 100°); ethanol dissolves 
4*5 mg in 100 ml at 27*5°; it is insoluble in ether, acetone, benzene and chloro¬ 
form but dissolves in formaldehyde solution, formic acid and N-methylacetamide 
and in aqueous alkalis. The aqueous solution has a yellow-green fluorescence 
which is discharged by the addition of acids or alkalis. Riboflavine has no 
optical activity in neutral or acid solutions but is optically active in alkaline 
solution. It is an amphoteric substance with K 4 —6-3 X 10 -lt and K„=0*5 X 10“*; 
the isoelectric point is at pH 6. 

Crystalline riboflavine is stable in the dark but is slowly decomposed by light; 
it is fairly stable to heat. The tetra-acetate melts at 242° to 244° and the tetra- 
benzoate at 131° to 136°. 

Pyridoxine group. The group of vitamins containing the compounds 
pyridoxol (XXXVIII), pyridoxal (XXXIX) and pyridoxamine (XL) is known 
as the vitamin B 4 or pyridoxine group. This vitamin occurs in nature as 
the last two compounds or as their phosphoric esters. All three are of equal 
nutritive value. 
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Crystalline pyridoxol (3-hydroxy-4 : 5-di(hydroxymethyl)-2-methylpyridine) 
was isolated in 1938 by five independent groups of workers from rice bran and 
yeast. The chemical structure was elucidated in 1939 (69, 70). 
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Preparation. Pyridoxol has been made by reactions bast'fl 
densation; by oxidative degradation of an noquinoline der :° n tl . a pyrndone con- 
thesis from simple starting materials. The method used *>v I V an ~. ^ ,? yri ~ 
in 1939 (71) was as follows. Y Warns anci Kolkers 
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Similar methods were used by other workers (72, 23)- Kuhn (69) and Ichiba 
(74) prepared pyridoxol by partial degradation of 3-methyI-4-mcthoxy/^- 
quinoline (XLI) which was converted to 2-nxetKyl-3-rnethoxypyridine-4 . - - 

dicarboxylic acid (XLII) then via the diamide to the dicyanide which, hydro¬ 
genation, yielded 2-methyI-3-methoxy-4 : 5-diaminometliyIpyndme > VLLsiii). 
Diazotisation of this compound led to pyridoxol methyl e V ie ^ ' 

was converted to pyridoxol as in the Harris and Folkers synthesis. 
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A synthesis of pyridoxol based on a hypothetical derivation from units of 
alanine formaldehyde and a four-carbon compound as indicated in the formula 
below has been published by Cohen (75, 76). 


\l/ 



Many variations on these routes have been patented; the subject has been 
reviewed by Robinson (60). 

Properties. Pyridoxol is used in therapy as the hydrochloride, which is a white 
crystalline powder melting at 205° to 212° (dec.). It dissolves in water (1 g in 
5 ml at 20°), ethanol (1 g in 90 ml) and in acetone; it is slightly soluble in ether 
and chloroform. Pyridoxol has a characteristic absorption spectrum with a single 
maximum at 292 m fi at pH 3 and two maxima at 255 mp and 325 mp at pH 7-45. 

The pyridoxine group of compounds are stable to hot acid or alkalis. 

Pantothenic acid. d- 1:3 - Dihydroxy -2:2- dimethylbutyryl - 2'- alanide. 
C 9 H 17 O e N. (XLVII). It was shown in 1930 that a deficiency in poultry of a 
certain nutritional factor gave rise to a characteristic dermatitis (77) and in 1939 
this factor was found to be identical with a previously described nutritional factor 
for micro-organisms called pantothenic acid (78). The chemical constitution of 
pantothenic acid was elucidated in 1940 (79, 80). 

Preparation. D-Pantothenic acid has not been isolated in the free state and 
it is prepared commercially as its sodium or calcium salt. Until recently the usual 
method for the preparation of these salts has been the reaction of an alkali or 
alkaline earth salt of ^-alanine with D-pantolactone in an anhydrous alcohol 
(81). Earlier workers used the reaction between pantolactone and an ester of 
alanine (82 to 84). In 1954 Wilson (85) described an improved method of 
preparation of pantothenic acid salts. Equimolecular quantities of pantolactone 
(XLV), /5-alanine (XLVI) and a secondary amine are heated in anhydrous 
ethanol and to the solution is added either calcium oxide to form the calcium salt 
or sodium ethoxide for the sodium salt. 
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Pantolactone has been synthesised by the follow 


MejCH.CHO + HCHO 

XLVIII 


route (83, 86). 


IVIe 

oc:m 2 .c.cho 


HCN 


HOCHg. C. CHOH. COOH 


IVIe*-.OH 

O o 

XLV 


iioButyraldehyde (XLVIII) is condensed with formaldehyde to yield a sub¬ 
stituted propionaldehyde which, on reaction with hydrocyanic acid or with 
potassium cyanide in the presence of calcium chloride ( 8*7), yields racemic panto- 
Iactone. Variations of this method have been patented (88). The racemic com¬ 
pound may be resolved by conventional methods ( 89 ). 

Properties. Sodium D-pantothenate is a white hygroscopic solid melting? at 
122° to 124° with [a] 2 ,?+27° in water (c= 1*9). The calcium salt is less hygro¬ 
scopic and melts at 170° to 172° and has a similar optical rotation. Pant nthenic 
acid is relatively heat stable but it is readily hydrolysed and has a maximum 
stability in solution in the pH range 5-5 to 7-0. 

The function of pantothenic acid in the body is unknown. 

Nicotinic acid. Niacin. Pyridine- 3 -carboxylic: acid. C a H 5 O a N. (L). 
Pellagra is a nutritional deficiency disease of human beings analogous to the 
canine disorder known as‘black tongue’. Elvehjem (90) showed in 1937 that a 

liver extract possessing anti-black tongue activity contained nicotinamide and 
that this compound or nicotinic acid were effective in curing black tongue, hater 
workers proved that nicotinic acid alleviated pellagra in human beings. 1 his 
compound had been isolated from rice bran and yeast twenty-five years earlier 
but its curative properties were then unknown. . „ . . . . • 

Preparation. Nicotinic acid has been prepared commercially by the oxidation 
of nicotine (91) and this was the method by which it was first prepared by Huber 
in 1867 (92). ........ 

Quinoline or one of its derivatives such as 8-hydroxy«quinolrne can e 
to quinolic acid (pyridine-1 : 3-dicarbo*y,ic acid 1 whtch 

formmg meottme ac.d (93) All monoalkyl derivatives „, collnlc 

yield the corresponding acid, e.g. /?-picoline (XLlX) 

acid (94), but the /9-picoIine must be free from other isom 


^\|Me 


Acooh 


XLIX 
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Another useful method for the preparation of nicotinic acid is that involving 
at the last stage the hydrolysis of 3-cyanopyridine to the acid (96, 97). 

Properties. Nicotinic acid is a white crystalline solid melting at 235-5° to 236-5° 
and having a slightly add taste. It is soluble in water (1 in 55 at 20°) and is 
readily soluble in boiling water and ethanol; it is sparingly soluble in ether. It 
forms salts (the hydrochloride melts at 274°) and esters (methyl ester, m.p. 38°; 
ethyl ester, b.p. 223° to 224°). Nicotinic add is converted in the body to 
nicotinamide. 

Nicotinamide. Niacinamide. Pyridine-3-carboxyamide. C 6 H 8 ON,. (LI). 

Preparation. It was first prepared by Engler in 1894 by reacting ethyl nicoti- 
nate with ammonia and this method is still used commercially (98, 99). Urea 
can be used instead of ammonia (100). Alternatively 3-cyanopyridine may be 
semi-hydrolysed to the amide (101,102). Methods for the purification of nicotin¬ 
amide have been patented (103). 

/\CN /\CONH, 

V N N^ 

LI 


Properties. Nicotinamide is a white crystalline powder with a bitter taste. It 
crystallises from benzene in needles melting at 131°. It is very soluble in water 
(1 in 1 at 25°) and in ethanol (1 in 1-5); it is slightly soluble in ether. 

Folic acid. Pteroylglutamic add. 4-(2-Amino-4-hydroxy-6-pteridyl)- 
methylaminobenzoyl-L-(-f )-glutamic acid. C 19 H 1# 0 8 N 7 . (LVI). In 1940 Snell 
and Peterson (104) showed that certain lactic acid bacteria induding Lacto¬ 
bacillus casei required a factor of unknown composition for normal growth. This 
Lb. casei factor, as it was called, was found to be essential for the production of 
red and white cells and platelets in the blood of various animals; it is widely 
distributed in foods, particularly in liver and yeast. It was isolated from spinach 
in 1941 and named folic acid. The factor was later identified and its synthesis 
was published in 1945 (105), the evidence from which its structure was derived 
being published later (106). This synthetic factor was called pteroylglutamic add 
and had biological properties identical with those of the natural product. 

Structurally pteroylglutamic acid is derived from pteroic arid (LII), a deriva¬ 
tive of pteridine (LIII). 


N N 

H,N^ y ^ 

n \A^ 


-CH,NH<^^>COOH 

LII 


N N 

N vV 

LIII 
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Preparation. In the first synthesis of pteroylglutamic acid (105, 107) a simul¬ 
taneous condensation of the three component parts of the molecule was used. 
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6-Hydroxy-2 : 4 : 5-triamino-pyrimidine (LIV), a three-carbon compound, e.g-. 
1 : 2-dibromopropionaldehyde and N-(4-aminobc:rv3Eo>r utamic acid (r,Vj were 

reacted together forming pteroylglutamic acid (LVI). 
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The crude product was dissolved in alkali and, addition of barium c on e 

and ethanol to precipitate impurities, the solution, was extracted ,wit titan ^ 
the aqueous phase was concentrated, acidified and coole , e precipita e 

again purified through its sodium salt. 112) 

A number of similar syntheses have been published ( 1 to )■ 

r ■ , , , - - molecule was first reacted 

In the second group of syntheses the pynm.clropionaldehyde to give 
with a three-carbon compound such as 1 : 1 : 2 -tribrorn^ P 4 -aminobenzoyl- 

a pteridine derivative which was then further reacte acid 

glutamic acid (109, 113 to 116). Alternatively N-( 4 -am.nobcn Z oyWu,s™c^ 


—v — t 

is first reacted with the three-carbon compound arl< ^ 020) and many others 


mei 


with a pyrimidine derivative (117 to 119). These 

(121) have been patented. little solubility in the usual 

Pteridines of the pteroylglutamic acid group have i j n a recen t synthesis 

solvents and purification of these compounds is dirric crystallisable inter- 

this difficulty has been avoided by using a route w tion of the final product 
mediates are employed and thus the minimum of purl second group described 

is required (122). This synthesis is of the same typ e a f j~| or ide is reacted with 
above. 6-Hydroxy-2 : 4 : 5-triaminopyrimidine by* 1 sOC jj ur n bicarbonate so/u- 
1 -bromo -2 : 2 -diethoxypropionaldehyde in aqueous _ 4 _hydroxy- 6 -diethoxy- 

tion, then hydrogen peroxide is added forming 2 -s.ru -^ eC j through the sodium 
methylpteridine (LVII). The latter substance is P^ e 2 -acetamino derivative 
derivative. Reaction with acetic anhydride yields co ld concentrated formic 
(LVI 11) which, after recrystallisation, is reacted aldehyde -CH0. The 

acid when the acetal group -CH(0Et) a is converte z oyl)S^ utam ' C aC ’^ * n 
aldehyde (LIX) is condensed with N-( 4 -aminoben^ gchiff’s base which first 

nrpwnrp nf 4.thinrn>9nl a« a rpHnrino acrent aUU_. 

cid. This is 

acid. 


presence of 4-thiocresol as a reducing agent 
forms is reduced to N-acetylpteroylglutamic a 
water and then hydrolysed to pteroylglutamic 


in* t - 

first crystallised f rQ m 
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Properties. Pteroylglutamic add crystallises from water as orange-yellow 
needles; it has no definite melting-point but darkens and decomposes above 250°. 
It is slightly soluble in water (0*05 g in 100 ml at 100°), more soluble in 
methanol, acetic add and phenol but insoluble in ether, acetone, benzene and 
chloroform. It forms salts with alkali hydroxides and carbonates and, by virtue 
of its amphoteric character, it dissolves in adds such as formic acid. 

Pteroylglutamic add has been used in the treatment of the macrocytic anaemia 
assodated with sprue and in other megaloblastic anaemias. 

Pteroylglutamic add occurs in nature in combination with a chain of glutamic 
add groups, e.g. the Lb. casei factor has a chain of three and compounds con¬ 
taining chains of six or seven groups have been found. 4-Aminopteroylglutamic 
add is an antagonist of pteroylglutamic acid; it has been used in the treatment of 
leukaemia. 

Vitamin B ia Group. Liver preparations have been used in the treatment of 
pernidous anaemia since 1926 (123). Many attempts were subsequently made to 
isolate the active factor, but no suitable assay procedure was available for the 
estimation of the potency of the concentrated extracts except clinical tests, the 
results of which were difficult to assess quantitatively; progress was therefore 
slow, but in 1948 a crystalline active principle, called vitamin B 1S , was isolated 
independently and simultaneously, in Great Britain by E. Lester Smith (124) 
and in the U.S.A. by Rickes, Brink, Koniuszy, Wood and Folkers (125). The 
British products were tested by clinical assay while those of the American group 
were assayed on the micro-organism Lactobacillus lactis Domer, which had been 
shown in 1947 to be sensitive towards clinically active fractions. When finally 
obtained pure and tested clinically in cases of pernicious anaemia vitamin B 1S 
was found to be curative in a dosage of 0*5 to 5*0 fig daily; it is thus one of the 
most potent physiologically active compounds. 
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Soon after its isolation the molecule of vitamin B „ , 

atom each of cobalt and phosphorus and later it became a ° Wn contain one 

of a group of compounds with similar chemical and fcdol *5 was or,e 

compounds are distinguished by having different gronns eo or 

cobalt atom; vitamin B lt or cyanocobalamin has acvanfdeZt W 'ththe 

(sometime, called vitamin B , u ) or hydtoxotobalamiix has a hykr^yT g ro "p“ 
Substitution by a nitrite group yields vitamin B 12o ox- nitritocobalamin y & P- 
Cyanocobalamin was originally isolated from liver But it would appear that it 

normally has a microbiological origin. It is present i rx tine waste liquors resulting 
from the production of many antibiotics including streptomycin, neomycin, 
chlortetracychneand chloramphenicol; it can also t>e isolated from sewage siu dge. 

All commercially available cyanocobalamin is obtained by microbiological 
synthesis, the two organisms commonly used for thiis jxlxrpose being Hacil/zes 
megatherium and Streptomyces spp. 

By a combination of brilliant chemical anti X-ray analysis the structural 
formula of cyanocobalamin has been almost completely elltcidated; the evidence 
has been summarised by Todd (126). 

Cyanocobalamin. Vitamin B lf . C l3 H, 0 CoN 14 O 14 P. (LX). 

Preparation. When S. olivaceus NRRL B-1125 is used for the production of 
cyanocobalamin an aerobic submerged culture technique is employed (127, 128). 

The stock cultures are carried on agar slopes and tHe spores are aseptically trans¬ 
ferred first to flasks then to a 400-gallon seed fermentor and finally to a 5,000- 
gallon production fermentor. The fermentors are mild-steel pressure vessels 
fitted with coils for steam or cooling water, agitators and air distributors. A 
typical culture medium has the following composition: distillers solubles, 4 per 
cent, soya-bean meal, 2 per cent, dextrose 1 per cent, calcium carbonate 0-5 per 
cent, cobaltous chloride, 25 parts per million. It Has been claimed that the 
addition of cyanide to the broth leads to increased yields (129). The medium is 
sterilised and aerobic fermentation is carried out for four days^at 28 - oammer 


Foaming 
are many 


is inhibited by the addition of anti-foaming compounds. i here are man) 
published methods for the isolation of cyanocobalamin from the "??f !’ 

it may be concentrated by chromatographic adsorption on charcoal (l J i;, lull 
earth (132). alumina (133) or ion-exchange resins (134). Alternativelyjhe broth 
can be filtered and extracted with phenol (135) or with a mixture ot creso. and 
carbon tetrachloride (136) The phL. is extracted with -ter mg^a^uuou 
from which the cyanocobalamin can be separated by 


crystallised from acetone. acetone or from hot 

Properties. Cyanocobalamin crystallises from definite melting-point, 

water as dark red, hydrated needle-like crystals. It ha almost insoluble in 

It is soluble in water, methanol, ethanol and P he "°t lTlin i s hygroscopic and 
acetone, ether or chloroform. Anhydrous cyanocobala - n neutra l aqueous 

absorbs about 12 per cent of water in moist air. It lS . acids and alkalis It 
solution at room temperature, but is rapidly inactivate aqueo us soluiion 

is laevorotatory and exhibits a characteristic light abso F L a i ue s of E (1 per cent 
having maxima at 278 mp, 361 m/i, and 548 the ' 

1 cm) being 119, 187 and 59 respectively. 
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Ascorbic acid. Vitamin C. L-threo-2 :3:4:5:6-Pentoxyhexen-2-carboxylic 
acid lactone. C 8 H 8 0 6 (LXIV or LXIVa). Scurvy, which is now known to be due 
to a deficiency of vitamin C, has been recognised as a disease for many centuries. 
Ascorbic acid is widely distributed in fruits and vegatables; among the richest 
sources are the citrus fruits and rose hips. Although the value of fresh fruit and 
vegetables had been recognised from time to time as prophylactic and curative 
agents in scurvy there appears to have been no systematic treatment of the dis¬ 
ease with these products until comparatively recently. Early in this century 
experiments on animals indicated that a common active principle or vitamin was 
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involved and in 1924 Zilva (137) isolated ascorbic acid fram lemon juice and 
found it to be a powerful antiscorbic. Its constitution, was established in 1933 
by two independent groups of workers (138, 139) and in the same year it was 
synthesised (140, 141). Although ascorbic may be comparatively easily isolated 
from natural sources such as rose hips (142) it is now p repared co mmercially by 
synthesis. 

Preparation. The following process is used on a large scale. 
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L-Sorbose (LXI) is the key starting material but, as it is not naturally abundant, 
it must first be prepared from D-glucose which is first reduced to D-sorbitol by 
catalytic (143) or electrolytic (144) methods. The D-sorbitol is then subjected 
to a ketogenic microbiological fermentation in which the >CHOH is oxidised 
to >C=0. For this purpose the sorbitol must be free from inhibitors such as 
adds and metallic ions; these may be removed by passage through an ion- 
exchange resin. Acetobacter suboxidans is the organism used in the submerged 
culture technique with forced aeration. The medium has the following com¬ 
position per litre: sorbitol, 100 to 250 g; corn-steep liquor, containing 50 per cent 
solids, 5 ml; anti-foaming agent, 1 ml. The broth is sterilised by heat and, after 
inoculation, the fermentation is carried out at 30° to 35°. The progress of the 
reaction is followed by titration of the reducing sugars present. At the end of the 
fermentation filter-aid is added and the mass is filtered and concentrated when 
L-sorbose crystallises out (145). The L-sorbose is condensed with acetone in the 
presence of sulphuric acid in a cooled reaction vessel to yield diacetone sorbose 
(LXII); some monoacetone sorbose is also produced but is easily removed. The 
diacetone sorbose is then oxidised by potassium permanganate in sodium 
hydroxide solution and at the end of the reaction excess alkali is neutralised by 
carbon dioxide and the manganese dioxide formed during the oxidation is 
filtered off. The filtrate containing sodium 2 : 3 : 4 : 6-diacetone-2-oxo-L- 
gulonate (LXI11) and some oxalate as impurity is concentrated in a steam- 
heated vacuum evaporator, oxalate is precipitated as the calcium salt and the 
solution is acidified with sulphuric acid. The free gulonic acid obtained is dried 
and dissolved in chloroform; dry hydrogen chloride is passed in and ascorbic 
add crystallises from the solution; it is centrifuged and dried and recrystallised 
from water after decolorising with activated charcoal (146). 

Other methods for the preparation of ascorbic add have been used (147 to 149). 

Ascorbic acid possesses the reductone structure: 

R—C=C—C—R 

i i n 

OH OHO 

The dienol confers both redudng and addic properties on the molecule. Because 
of the readiness with which ascorbic acid is oxidised isolation procedures must 
be carried out in the absence of oxygen, light, and metals such as copper or iron 
which catalyse the oxidation. 

Properties . Ascorbic acid forms white crystals melting at 190° to 192°; it has 
a slightly acidic taste. It has a single absorption peak in the ultra-violet range at 
265 m. It is a dibasic add with p/C 1 =4*17; p K t = 11 -57. Ascorbic add dissolves 
in water (1 g in 3 ml), in ethanol (1 g in 50 ml) and in glycerol (1 g in 100 ml); it 
is insoluble in ether, benzene and chloroform. 

D-Ascorbic acid has no physiological activity. Ascorbic add (LXIVa) readily 
gives up two atoms of hydrogen and is converted to the diketolactone, dehydro- 
ascorbic acid (LXIVb) but this compound has the same biological activity as 
ascorbic acid. Further oxidation breaks the lactone ring with the formation of 
dioxogulonic add (LXIVc) which is inactive. 
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Vitamin D group. This is a family of compounds differing, one from th 
other, in the structure of the side-chain R in. formuIn X^.i5<L'V r I_ The mos 
important members of the group are vitamin E> s ero/) and vitamin D a 

(cholecalcijerol). The name vitamin Dj was originally to what was later 

found to be a mixture of calciferol and lumisterol - 

Calciferol. Ergocalciferol. Vitamin D 2 . 9 : 10-Ergostatetraene-(18 : 10 , 
5 : 6 , 7:8. 22 : 23)-ol-3. C 2 S H 44 0. (LXVI). 



Ergosterol and calciferol, R = — CHMe.CH:CH . CHIVie - CHMe. 

7 -Dehydrocholesterolandcholecaldferol, R = CHIVXe - CHa* same general 

Preparation. Vitamins D, and D s are both prepared^hy^ forms the vitamin 
procedure; a provitamin is irradiated by ultra-violet light ' vv _ ~ fcsrol the provitamin 
together with other irradiation products. In the case of* ca ^jation is carried out 
is ergosterol (LXV) which is obtained from yeast. The 1 rra container, nitrogen 
with light of wavelength approximately 281 m/u in a tl uar e *lter or benzene. A 
being bubbled through the solution in a solvent, usua y t is made to filter 

mercury vapour lamp is used on the large scale and n° a . . lasts fox* about 30 

the light. The liquid is cooled during the irradiation ' vvr of t ^ ie so * v ent 

minutes. The process may be made continuous. -A-ftor* _ resinous mixture of 
unchanged ergosterol is removed with dilute ethanol-^ v, e nz 0 ic anhydride in 

irradiation products can be reacted with 3 : 5-dinitand hydrolysed to 
pyridine and the calciferol 3 : 5-dinitrobenzoate cry sta , 

give calciferol (150). hich is sensitive to aimin^ 

Properties. Calciferol is a white crystalline powder vvn a1t 115° to H it is 

light which cause the formation of a yellow colour. It « 2 - acetone, 

evacuated sealed tube); [<x] J d = -M03° in ethanol or ari d chloroform, 

insoluble in water and soluble in ethanol, ether, acetone ^ 0 ]_ 3 . 

3 : 5-dinitrobenzoate melts at 148° to 149°. Si 8 * 5 t 

Vitamin D*. Cholecalciferol. 9 : 10-Cholestatrienc C fi«h- 

: s found in nsn 

V method of 


C 27 H 44 0. (LXVI). 
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Vitamin D 3 is die member of the vitamin D g r ° u f > ^^^ c jferoI- 
liver oils, though it is usually accompanied by soinc 31 ). The -- t jj e pro- 
preparation from fish-liver oils has been described C a.rialog 0 , j ls . f or the 
vitamin D. from its provitamin 7 -dehydrocholestero_^, rn wave eng 


“ r j rti 

cedure described for vitamin D 2 except that the ojn 
transformation is 296-7 mp (152). it m 
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imp 


d. 


Since 7-dehydrocholesterol is not readily obtainao 
In the original method (153) seven stages were necess ^ c>r 
7-dehydroderivative. Many workers introduced *"n* 
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method but it was not radically changed until 1946 when the Wohl-Ziegler 
bromination technique (154) was applied to this synthesis (155 to 159). The 
brominatihg agent most commonly used is N-bromosuccinimide which bromi- 
nates in the so-called allyl position, i.e. a to the 5 : 6 double bond in cholesteryl 
acetate (LXVII). In the formulae below only rings A and B of the sterol nucleus 
are shown. 




Bromination of cholesteryl acetate yields 7-bromocholesteryl acetate (LXVIII) 
which is easily dehydrobrominated to 7-dehydrocholesteryl acetate (LXIX). 
This on alkaline hydrolysis is converted to 7-dehydrocholesterol. 

Properties. Vitamin D s is a white crystalline material melting at 82° to 83°; 
it is insoluble in water but soluble in fat solvents. It has [a]??=+83-3 0 in 
acetone and an ultra-violet absorption spectrum with a single peak at 265 mp. 
The 3 :5-dinitrobenzoate is dimorphic and melts at 129° and at 140°; the 
4-nitrobenzoate melts at 127°. 

a-Tocopherol. 5:7: 8-Trimethyltocol. C M H 60 O,. (LXXII). 

Natural vitamin E is (+)-a-tocopherol. The compounds ft, y, and <9-toco¬ 
pherol are chemically closely related to a-tocopherol and have similar but less 
intense vitamin E activity. The effects of a diet deficient in vitamin E were first 
observed in 1920 (160) and a-tocopherol was isolated from a concentrate 
possessing vitamin E activity by Evans and his colleagues in 1936 (161); in 1938 
Fernholz (162) suggested the now accepted formula for this substance. 

Preparation. The tocopherols are present in vegetable oils such as soya-bean, 
wheat germ, cotton-seed and maize oils. The best source of natural (+)-a-toco- 
pherol is wheat-germ oil. The wheat-germ is extracted with benzene or a similar 
solvent. After evaporation the residual oil is saponified by alcoholic alkali at 30° 
in the presence of an antioxidant. The soap solution is extracted with light 
petroleum. The concentrated solution is cooled and the steroids which 
crystallise first are filtered off; further cooling to —60° causes the vitamin E to 
crystallise. It may be purified by molecular distillation (163) or by chromato¬ 
graphy (164). 

(±)-a-Tocopherol (LXXII) may be prepared synthetically by condensing in 
a suitable solvent, trimethylquinol (LXX) and phytyl bromide (LXXI). 

The atoms marked * are optically active carbon atoms, of which there are 
three in formula LXXII, and hence eight isomers are possible. Karrer used 
light petroleum as the solvent for the reaction with zinc chloride as a condensing 
agent (165, 166). Bergel used decalin (167) and Smith glacial acetic acid (168); 
formic acid has also been used (169). 

Phytyl bromide is made by bromination of phytol (170) which may be 
extracted from plant tissues (171), although it has been synthesised (172, 173). 
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— _ 3 - * 4 - ; 5 - tetramcthyl- 

Trimethylquinol is prepared by oxidation of I -ami no-2 - - ^ -vvitli sulphurous 

benzene (isoduridine) to trimethylquinone which* ON(!S 0 3 K) 2 , 

acid to the required quinol (174 to 176). Alternatively -X* r * < “ 
can be used for the oxidation. 

Properties. Natural (+)-a-tocopherol is a yellow 

at 0-01 mm and melting at 2-5 0 to 3-5 0 . The refractive 

It shows an absorption maximum at 292 mp [E (1 P^ r ^ > arid the 

allophanate melts at 161° to 162°, the palmitate at 42 ^jbed (IV7, 1 7lS *)- 1 * ie 

nitrobenzoate at 86 ° to 87°. Many esters have been used in medicine, 

acetate melts at 26-5° to 27-5° (179); this is the salt w^ic 1 ^ per cent, 1 cm) - V 

(±)-«-Tocopherol is a yellow oil melting at 0°. !*• r>alnii tate at ^ to . \ 

at 292 m /li. The allophanate melts at 175° to 176°’, i n to i ts optically acti^ e 

and the 2 : 4-dinitrobenzoate at 63°. It has been resolve j c ridc in pyridine ( 1 . ' m 
components by means of 3 -bromocamphorsulphonyl c r s< 

In rats a deficiency of vitamin E affects the normal c ° 
female and the reproductive activity in the male. ’tannin K i 

clinical value in human beings and its real function this ' V-..IU.O, 

Vitamin K group. There are two members ° 1110 ’ rt . r . in vlgo- 

(phytomenadione) which is 2-methyl-3-phytyl-l ; 4-tt a P j_ 3 _farn ps > 

(LXXIII), and vitamin K a (farnoquinone) or '2.-^ xxG 
ranyl-1 : 4-naphthoquinone, C lfl H M 0 2 (LXXIV). 
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1 CH=C—(CH 1 CH 2 CH=C) e CH s 

I I 

Me Me 


LXXIV 


In addition to these two natural vitamins there are a number of synthetic 
compounds of related structure and having blood-coagulating properties similar 
to vitamin K; these are also described in this chapter. 

In 1934 Dam concluded that the haemorrhagic condition of chicks raised on 
an artificial diet was due to avitaminosis and he called the new factor vitamin K. 
It was found to occur in alfalfa, spinach and other green leaves and in tomatoes 
and egg-yolk; vitamin K x was isolated from spinach in 1939 (181) and was 
synthesised in the same year (182,183,184). The structure of vitamin K t , which is 
present in most bacteria, was elucidated in 1958 (185). 

Preparation . Vitamin K x may be extracted from natural sources such as 
alfalfa. Chromatographic methods for the purification of the product have been 
patented (186). In the synthetic method of preparation (182) 2-methyl-l : 4- 
naphthoquinol sodium salt (LXXV) has been reacted with phytyl bromide 
(LXXVI) to yield a quinol which is oxidised by air to vitamin K x . 


OH 

^N/\Me 

v + BrCH 2 —CH=C—CH a (CH s CH 8 CHCH 1 ) 1 CH 1 CH 1 CHMe 1 

i i 

ONa Me Me 

LXXVI 



OH 



-CHjCH—C—CH t (CH a CH a CHCH 1 ) t CH a CH a CHMe 1 

Me 


-► LXXIII 

Other published synthetic routes are similar, although improvements have 
been introduced (187, 188). The 2-methyl-l : 4-naphthoquinol used as an 
intermediate in the preparation of vitamin is itself an antihaemorrhagic 
substance called menaphthone or menadione (q.v.). 

Properties . Vitamin K x is a yellow oil boiling at 115° to 145° at 2 x 10 -4 mm 
pressure. It melts at —20°. It has five absorption peaks in the ultra-violet range 
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with E(1 per cent, 1 cm)—420 at 248 m;*. It is optically active; — 0-4° 

(57-5 per cent in benzene). It is soluble in ether, benzene and light petroleum, 
not very soluble in methanol and insoluble in water; it is sensitive to light, strong 
acids or alkalis. 

Vitamin K 2 forms yellow crystals melting at 53-5° to 54--5> 0 - It is sparingly 
soluble in benzene, light petroleum, anhydrous ethanol and acetone, but in¬ 
soluble in water. The absorption spectrum is similar to that of vitamin Kj with 
E(1 per cent, 1 cm)=295 at 248 m/t. 

Menaphthone. Menadione. 2-Methyl-1 ; A —naphthoq ri i nonc - 
(LXXVIII), The antihaemorrhagic activity of m« 

1939 (189). . ... - 

,, , , ___ f-> v tire oxidation or 

Preparation. Menaphthone is most easily prepares 

2-methylnaphthalene (LXXVII) which is a by-] 
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be used as 
have been 


is 


Chromic acid (190, 191, 192) or hydrogen pet° 
oxidising agents. Other methods of synthesis 

published (194, 195, 196). llirxc powder, which 

Properties. Menaphthone is a bright yellow cr ^^!^ias a fairit characternst*c 
irritating to the mucous membranes and to the ski n » 1 vv . ate r (0*0 1 3 g m m 
odour. It melts at 105° to 107°; it is almost insolut>l e , , e 

and is slightly more soluble in ethanol. rleri vrat * veS 1X1 ena ^ ou nd 

Derivatives of Menaphthone. Two water-solut>f e ^ „ t>isn Iphite com P { 

sod* 1 ^ (197) and the 

.go been P 

menadiol sodium diphosphate (LXXX) which has 


have been introduced into therapy. One is the 
(LXXIX), the preparation of which has been pater* 
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Patented (198). 
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Acetomenaphthone. Menadiol diacetate. 2-Methyl-1 : 4-naphthalenediol 
diacetate. C u H lt 0 4 . 

Preparation. 2-Methyl-1 :4-naphthoquinone obtained by chromic acid 
oxidation of 2-methylnaphthalene is reduced (199) by zinc dust in a mixture of 
acetic acid and acetic anhydride yielding acetomenaphthone (LXXXI). 

OCOCH, 

j^^jMe 

OCOCH, 

LXXXI 

Properties. Acetomenaphthone is a white crystalline powder melting at 114°. 
It is almost insoluble in water and slightly soluble in cold ethanol but soluble in 
boiling ethanol (1 in 3*3); it is also soluble in acetic acid. 

Acetomenaphthone is used orally for the treatment of prothrombin deficiency. 
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CHAPTER XIX 


Purgatives 


m ain groups according to their 
d laxatives, affects the bulk or 

um and sodium 
an psyllium, and the 
1 &Q). The second 


Introduction. Purgatives may be divided into two 
mode of action. The first group, commonly call* 
consistency of the stools and indudes salines such 
sulphates, hquid paraffin, mucilaginous drugs such 

synthetic compound dioctyl sodium sulphosuccioate (see p-_ action on the 

group contains purgatives whose effect is due to the* **senna, cascara 
bowel and includes the anthracene purgatives (aloes, rn aSto r ' oil, mercurous 
sagrada and frangula), jalap, podophyllum, colocynth, ca the chemical 

chloride and phenolphthalein (see p. 189). Only those in this chapter, 

nature of whose active principles is known, will he descry t>y the fact that the 
Anthracene purgatives. This group is character ,3t e i-»t in the drug both 
active principles are anthracene derivatives which are P - e action appears to 

in the free state and in the form of glycosides. The P' 1 » reduction products 

be due mainly to the latter (1). Miihlemann (2) states t ^ 1 . a ^ ip p e ar to be the active 
of the anthraquinone glycosides (anthranol glycosi^i^ 31 ^ ^solated in a pure state 
principles of these drugs, though so far these have ^ fc>llo'wi n S compounds, 

only from senna. Reduction of anthraquinone can form 



Anthraquinone 




O 



wv 

Anthranol 

gives 

Reduction of anthraquinone glycosides with . , 

can be isolated only with the utmost difficulty, 9,0 - e r' aSl 

by the air. This may explain why, apart fro*** the drvig 

glycosides have been prepared in crystalline forrt* * 
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Among the aglycones that have been isolated from these drugs are aloe 
emodin (I), frangula-emodin (II), rheirt (III), and chrysophanic acid (IV). 






(C,H u O,) HO 



COOH 



Senna. The drug consists of the leaves or fruits (pods) of Cassia acutifoUa 
Delile or of C. angustifolia Vahl. It is prepared in various pharmaceutical forms 
for administration. It contains rhein, aloe-emodin, kaempferol and iso rhamnetin 
in the free state and in the form of glycosides, but the most important con¬ 
stituents are probably the two compounds sermosides A and B which have been 
isolated by Stoll and his colleagues (3). The drug was extracted with chloro¬ 
form - ethanol to remove impurities, then with methanol containing oxalic acid; 
on concentrating the extract sennoside A separated out as crystals and, after 
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dissolving and reprecipitating, the triethylamine sa.lt was obtained pure. The 
mother liquor was treated with calcium chloride and methanolic ammonia and 
the precipitate was suspended in methanol; addition, of oxalic acid liberated 
sennoside B which was filtered off from the precipitated calci um oxalate and the 
filtrate evaporated in vacuo. Sennoside B crystallised after one or* two days. The 
sennosides have the structure V (4). Sennoside .A. is the dextro-isomer and 
sennoside B is the meso compound. The aglycones ar e known as sennidins A 
and B. _ 

Aloes. This drug is the solid residue obtained by e va P 0 r ie 1C 1 U1 

- 0 f It contains the 

and other 

presented by VI (5) 

from which it will be seen that it is the glucoside of the i)Xe-emodin? 

to aloe-emodin (I) chemically described as 10(1 : 5-anhydrog 
9-anthrone. This has been synthesised by Miihlemann C J- 

0 


which drains from the leaves cut from various species 
glucoside barbaloin , iso barbaloin (in Cura 9 ao aloes), 
anthracene derivatives. The structure of barbaloin is 



VI 


rfrrtatum 


Linn, and 


Rhubarb. The drug consists of the rhizome of IVlany *^^ mo din t 

possibly other species of Rheum except R. ein, fr& T *g 

derivatives have been isolated from rhubarb indur*- 1 - not often 

aloe-emodin and its methyl ether, and chrysopharti^ teI1 t, rb ubar 

Owing to its astringent effect, due to its tannin cO n j t con tains 

used nowadays. - 0 flici nl < ^ rU ^thraglncoside 

The rhizome of R. rhaponticum is excluded front>• ^ ta ins iiri ar ^ t j ier ; it also 
no aloe-emodin, frangula-emodin or rhein but: c 11 fro 111 

rhaponticin, which is readily separated and cry® purshtnna 

fluoresces bright blue in ultra-violet light. g fjiub partly i n c ° m_ 

Cascara sagrada. This is the dried bark of j s o^°^ rone (8). 

DC. It contains frangula-emodin , aloe-emodin <->1 o5t arit 

bination as glycosides (7); it also contains a glyco» x 
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Frangula. The dried bark of Rkamnus frangula Linn, contains, in addition 
to other anthracene derivatives, a crystalline glycoside frangulm , which, on 
hydrolysis, yields frangula-emodin and rhamnose. 


Podophyllum. The drug consists of the dried roots and rhizome of Podo¬ 
phyllum peltatum Linn, or of P. hexandrum Royle (Indian podophyllum). The 
chief active principle is podophyUotoxin accompanied by its isomer piaropodo- 
phyUin which is inert. These appear to be C s -epimers probably having the 
formula VII (9). The position of the hydroxyl group has not been definitely estab¬ 
lished. Small amounts of demethylpodophyllotoxin and 1 -O-(^-D-glucopyranosyl)- 
picropodophyUm (10) and of dihydropodophyllotoxm (VIII) (11) have also been 
found. 


HO 



OH 



Podophyllum is a drastic purgative which is not now much used for this 
purpose, but it has been found that it is effective in the removal of certain 
tumours such as warts and condylomata acuminata. The chemistry of the con¬ 
stituents of podophyllum has been reviewed by Hartwell and Schrecker (12). 
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CHAPTER XX 


Miscellaneous Natural 



Natural anthelmintics. (See p. 155 for synthetic an 
Santonin. The drug known as santonica consists 
flower-heads of Artemisia cina Berg, and of other- 
important constituent is santonin which is used for tlxe * 

Santonin is prepared from santonica by treatment 
calcium santoninate is formed and is converted into the 
with sodium hydroxide and carbon dioxide. On 
with sulphuric acid, santonin is precipitated and 
water. /'T') 

Structure. The structure of santonin is represented I^y v 
shows an interesting relationship to the sesquiterpestiei ^ an 
derivative of 1 :4-dimethyl-6-iropropylnaphthalene v 1 
cadalene from which many sesquiterpenes such as 


is 


Q f the dried vmexpanded 
of ^Irttemisia; the 
of roundworms. 
rrl ilk of lime when 
salt t>y treatment 
the sodium salt 
tallTsed from boiling 



ay- Santonin 
jn that it is a 
isomeride of 
ar e derived. By 
^ (III) is formed, 

prolonged treatment with hydrochloric acid desmotrop° saI1 ^V^esis of santonin has 
the synthesis of which has been patented (2). The total »y n 

also been published (3). ^ ^ 

C rl a 

CHMe 



III 


shining pris™* 

sublimed 


Properties. (-)-Santonin, C 16 H 18 0 3 , crystallises iIt may a tment 


be SUl 

melting at 170° and having [a]“ —173-8° (chlorofo 1 ^ 0 ^ lactone an 
and becomes yellow when exposed to Ught. Santoni** lS . rL i C acid. , mer ide of 
with alkalis converts it to the corresponding acid, santo* 1 ^ a stereoiso been 


itoo* 0 ’ 


of 


santonin 


* o - - f 

Santonin is accompanied in santonica by ^-saot _ 

(—)-santonin and by y-santonin. The stereochemi str ^ apical bud 

discussed by Cocker and McMurry (4). fjn£ J-ba 9eS ^ft extract for 

Male Fern. Male Fern consists of the rhizome, j r ° £ orI n a 90 
of Dryopteris filix-mas (Linn.) Schott. It is used in tn e 

365 


366 


THE CHEMISTRY OP DRUGS 


the expulsion of tapeworms and sometimes of other intestinal parasites. The 
main active constituent of the drug is known as filmarane , but this is probably a 
mixture; when hydrolysed filicic acid and aspidinol are formed. Filicin which is 
extracted from the drug by ether is the lactone of filicic add (IV). Further 
degradation gives filicinic add (V) which has been synthesised (5). Another 
constituent is flavaspidic add (VI) (6) which has also been synthesised (7). For a 
comprehensive review of the constituents of male fern see Biichi (7a). 


OH 



CO(CH 1 ) l Me 


Me Me 

Me Ny/ 

HO/\OH Ho/\OH 
Me(CH t )|OO^J-CH,—^l s jcO(CH t ) I Me 

0H l 

VI 

Chenopodium oil. American Wormseed oil. Chenopodium oil is distilled 
from Chenopodium ambrosioides var. anthelminticum. The active prindple is 
ascaridole of which it contains about 70 per cent. It is chiefly used for the expul¬ 
sion of roundworms. The oil is a colourless or pale yellow liquid with an 
unpleasant odour. The weight per ml is about 0*965 g and the optical rotation 
—4° to —8°. Owing to the peroxide nature of ascaridole it boils vigorously when 
heated and may explode. 

Ascaridole has the structure VII. 

Me Me 


Me Me 
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Picrotoxin. Picrotoxin is a glycoside obtained from the seed of Anamirta 
paniculata Colebrooke. It is used as an antidote in barbiturate poisoning. 
Picrotoxin is a powerful analeptic. Itmaybe obtained from the seed by extrac¬ 
tion with boiling ethanol; after evaporating off the e t ha n«> 1 the fatty residue is 
extracted with hot water; on cooling, the picrotoxin crystallises and may be 
purified by recrystallisation. 

Constitution. Picrotoxin, C 30 H 34 O 13 , is a compound of one molecule of picro- 
toxinin, C 16 H ia O # , and one molecule of picrotin, G i 5 I I x S CZ> v 

Properties. Picrotbxin forms colourless shining crystals or a white crystalline 
powder; it is affected by light. It melts at 190° to 202° and has [a] 2 » about 
—30° (4 per cent in ethanol). It is slightly soluble in 'water, more soluble in 
boiling water and in ethanol (1 in 16). 


Heparin. Heparin is a natural constituent of the T-narnmalian o y an 
the property of delaying the clotting of the blood. It 
and lungs. 

Preparation. Heparin may be prepared by the metftod 
(10). The ground fresh ox-liver or lung with weak alkali en ^ hour 
autolysis at 37° for 24 hours. The mass is extracted it: is coagulated by 

sodium hydroxide containing ammoniumsulphate after xv 1 _ 

heating to 70°. The filtered extract is acidified to ^onium sulphate with 

heparin together with proteins. After removal of the ^^issolv 
water the fat is removed with ethanol. The precipi tat:e ted with 

with trypsin for 36 hours. The heparin is then precipha j n dilute sodium 

the acid solution. Further protein is removed by u t f> and precipitating 

hydroxide solution, adding acetic acid until the pi I * s a ° r if!cd by precipitating 
with cadmium chloride. The heparin may be further ^ ^ r-ecip itatin £ ^ 

as the brucine complex, regenerating with amrnon ,a a p, ar iuni * s re P aCe %v j t ^ 

barium salt. By treatment with sodium carbinate the ^_ ^the filtrate 

sodium, the sodium heparin salt being precipi ta1 
ethanol. 

Heparin is not a pure compound and varies f rom 
activity. 


rnammalian 

»ecurs mainly in theliver 


0 £ Charles and Scott 
t her directly or after 
_ with 0-5 N 

it is co 0 

hich precipitates the 
» sulphate with 
; d and digested 
ethanol from 


hate 


h to 


hate 


j-, irr biological 


O 



H 



o 


VIII 
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Structure. Heparin consists of a chain of alternate glucosamine and glucuronic- 
acid groups. It is an ethereal sulphate containing in the purest preparations of 
the sodium salt about 13*8 per cent of sulphur which corresponds with two 
sulphate groups to each glucosamine—glucuronic-acid pair. Formula VIII has 
been proposed for heparin (11), the chain being continued in both directions. 

For a detailed discussion of the chemistry and therapeutic use of heparin see 
Jorpes (12). 


REFERENCES 

1. Clemo, Haworth and Walton, .7. Chem. Soc., 1930, 1110. 

2. British Patent 341,402. 

3. Abe et al., Proc. Japan Acad., 1954, 30, 116. 

4. Cocker and McMurry, Chem. and Ind., 1954, 1199. 

5. Robertson and Sandrock, J. Chem. Soc., 1933,1617. 

Angus et al., Chem. and Ind., 1954, 546. 

6. Aebi, Helv. Ckim. Acta, 1956, 39, 153. 

7. McGookin, Robertson and Simpson, , 7 . Chem. Soc., 1953, 1828. 

7a. BQchi ,J. Pharm. Belg., 1957, 12, 391. 

8. Sutter and Schlittler, Helv. Ckim. Acta, 1949, 32, 1855. 

9. Hansen and Jerslev, Dansh. Tids. Farm., 1954, 28, 25. 

10. Charles and Scott, J. Biol. Chem., 1933, 102, 425, 437. 

11. Jorpes, Bostrflm and Mutt, ibid., 1950, 183, 607. 

12. Jorpes, ‘Heparin in the Treatment of Thrombosis’, Oxford Medical Publi¬ 

cations, 1946. 



Appendix I 


OFFICIAL OR APPRO V 1£ E> N A I\ I K S 
with 

PROPRIETARY EQU I V I ^ K ^ O' S 
and 

CHEMICAL K A IVI E 


In this appendix are included the official names of drugs 

Pharmacopoeia and in the United States Pharmacopoeia ^ >g 

approved by the British Pharmacopoeia Comm issi o n some n ‘ 


1 ii 1 

a toge 


eluded in the British 
t;Hcr evith names 
^ | t,,names included 

approved by the British Pharmacopoeia Commission, ano ^ onrietary names 

in other British and United States official publications; some I~>r p 

of these drugs are given and also their chemical nanies - 

<17/ een l 


Official or Approved 
Name 

Acepromazine 

Acetarsol 

=Acetarsone 

Acetazolamide 

Acetomenaphthone 


Proprietary 

Names 

Notensil 

Stovarsol, Spirocid, 
Orarsen, Kharophen 
Diamox 


Kapilon-Oral 
Prokayvit-Oral 
Synkayvit-Oral 

Acetphenetidine, see Phenacetin (p. 40) 
Acinitrazole Trichorad 

Adrenaline Suprarenalin 

=Epinephrine Suprarenin 

nor Adrenaline, see Noradrenaline 
Aldesulphone sodium 


Aldosterone 

Allobarbitone 
Allylbarbituric acid 

Aloxidone 


Aldocorten 

Electrocortin 

Dial 

Sandoptal 

Malidone 

Malazol 


7\v/ nit's 

i 1 O-f 3-dimethyl- 

2-acet >' ___■yohenothiazi 

am 1 

v.lammo—r- 

ac 


me 


I O I ’ ± ' ' l's ^ » . 

, , cc ,vn..ni”<'- + ' hy : r “ r 

3 » \»nvlar S onic acid 

r > - 1 : 3 : 4 


tam*do _^_ sl _|lphonamide 


2-ac.-— 1 

thiadia^ol 

, . 4, t lia^ etoX 

.hthalcn 


r_2-methyl- 


nap 


2-acc 


taiu 


i do 


_5_nitro-thiazole 


.di^ 1 ^ 


so 


It: of 


for>n°' u 

aci d 


5 -- 5-4*2 
5 _all> 1-^ 

,_ 5 -rnc- 

3-“ n ; y i.dion e 


, ir biti» ric aC1 ^ 

U ^otylbarbituric 


th yloxaz° lidine - 


369 



THE CHEMISTRY OF DRUGS 


370 


Alphameprodine 

Alphaprodine 


Ambazone 

Iversal 

Amethocainc 

Anethaine 

hydrochloride 

Decicaine 

Pantocaine 

Pontocaine 

Amidone, see Methadone 
Aminacrine 

Acramine 

Monacrine 

4-Aminobenzoic add 

PABA 

Aminometradine 

Mictine 

Amiphenazole 

Daptazole 

Aminophyllin 

Cardophyllin 

Euphyllin 

Genophyllin 

Aminoptcrin 
Aminosalicylic add 

PAS 

Amiphenazole 

Paramisan 

Amobarbital, see Amylobarbitone 

Amodiaquine 

Camoquin 

Amoxecaine 


Amphetamine 

Benzedrine 

Amydricaine 

Alypin 

Amylobarbitone 

Amytal 

Amylocaine 

Stovaine 


Anhydrohydroxyprogesterone, see Ethisterone 
Anileridine 


a-3-ethyl-1 -methyl-4-phenyl- 
4-propionoxypiperidine 
a-1 :3-dimethyl-4-phenyl- 
4-propionoxypiperidine 
1 : 4-benzoquinone ami dino¬ 
hydrazine thiosemicarba- 
zone hydrate 

p-n-butylaminobenzoic ester 
of 2-dimethylaminoethanol 
hydrochloride 


5-aminoacridine 


1-ally 1-6-amino-3-ethyl- 
1:2:3: 4-tetrahydro- 
pyrimidine-2 :4-dione 
2:4-diamino-5-phenyl- 
thiazole 

theobromine with ethylene- 
diamine 

4-aminopteroylglutamic add 
4-aminosalicylic acid 


7-chloro-4-(3 -diethy lamino- 
ethyl-4-hydroxyanilino)- 
quinoline 

AW-triethylethylenediamine- 
iV-/?-ethyl p-aminobenzoate 

( ±)-2-amino-l -phenyl- 
propane 

benzoyl ester of tetramethyl- 
diaminodimethylethyl- 
carbinol hydrochloride 

5-ethyl-5-tropentylbarbituric 

add 

benzoyl ester of methylethyl- 
dimethylaminomethyl- 
carbinol hydrochloride 

ethyl l-(2-p-aminophenyl- 
ethyl) 4-phenylpiperidine- 
4-carboxylate 
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Antazoline Antistin 

Hi8tostab 

Anthralin 

Antipyrin, see Phenazone (p. 41) 
Aprobarbital Alurate 

Arterenol, see Noradrenaline 
Atropine methylbromide Mydriasin 
Atropine methylnitrate Eumydrin 
Aurothioglucose Solgenal 

Azamethonium bromide Pendiomide 


Azovan blue 


BAL, see Dimercaprol 

Barbitone 

Beclamide 

Bemegride 
Benactyzine 
Benethamine penicillin 

Benzalkonium chloride 

Benzathine penicillin 


Benzethonium chloride 


Benzhexol 

Benzocaine 

Benzpyrinium bromide 

Benztropine methane- 
sulphonate 
Betameprodine 


Evans Blue 


Veronal 

Nydrane 

Megimide 

Suavitil 

Benapen 

Roccal 

Zephiran 

Dibencil 

Neolin 

Penidural 

Permapen 

Phemeride 

Phemerol chloride 

Artane 

Pipanol 

Anaesthesin 


Cogentin 


^ fc»«iri_2;yla.nilinomethyl- 

itn i nazoline 
1 : 8 : 9-anthratriol 

5— ally 1 — 5 — *,sop>ropylbarbituric 

acid 


3-methyI-5 -azapentene-1 : 5- 
t>is( e thyldimethyl- 
ammonium) dibromide 
tetras<~> cl i nm salt of 4 : 4'-bis- 
— a.mi rao-8-hydroxy- 
- - 4 ^— cdis u Ip>ho)naphthylazo]- 
3 : 3 —fc>i tolyl 


^ iethy lt>arb)ituric acid 

iV-t>en^yl-/ :f - ch I o r o P ro P ion - 

« i _ /?-nnethylglutarimide 

2 -<JietHylaminoethyl benzilate 
tl ' z . yI- 2 -phe nylethylamine 
lt: 0 £ t>enzylpenicillin 
Alkyld i methylbenzyl- 
^^rrtmonium chloride 

1 be"zyl=' h y;« n f iamme 

di(ben i '.y I P<='" c,Ilin) 


* e .?oSethylan™- 
|_j _phenyI- 3 - 

'^"iidino-1 -P ro P ano * 

pipe * 11 ^inobenzoate 

thy 1 1 ^__3_/tdimethylcarb- 

f ’ yridinium 


I:p^°^ piperiJ,ne 
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Betaprodine 
Bethanicol Urccholine 

Bialamicol Camoform 

Bisacodyl Dulcolax 

Bishy droxyooumarin, see Dicoumarol 
Bismuth glycollyl- Milibis 

arsanilate 

Bismuth sodium Thiobismol 

thioglycollate 


Bismuth tribromophenate Xeroform 
Bithionol 

Bromazine 

Ambodryl 

Bromethol 

Avertin 

Bromisoval \ 
Bromvaletone J 

Bromural 

Buclizine 

Longifene 

Vibazine 

Buphenine 

Perdilatal 

Busulphan 

Myleran 

Butabarbital 

Butisol 

Butacaine 

Butyn 

Butethamine 

Monocaine 

Buthalitone sodium 


Butobarbitone 

Neonal 

Butopyronoxyl 

Soneryl 

Indalone 


/J-l : 3-dimethyl-4-phenyI-4- 
propionoxypiperidine 
/f-methylcholine chloride ure¬ 
thane 

3 : 3'-diallyl-5 : 5'-bisdiethyl- 
amino-methyl-4 : 4'- 
dihydroxydiphenyl 
di-(p-acetoxyphenyl)-2- 
pyridylmethane 

bismuthyl-iV-glycollylarsani- 

late 


2:2'-thiobis(4: 6-dichloro- 
phenol) 

2-(4-bromodiphenylmethoxy) 
ethyldimethylamine 
tribromoethanol solution 

2-bromouovalerylurea 

1 -(4-terf.-butylbenzyl)-4- 
(chlorophenylbenzyl)- 
phenazine 

1 -/>-hydroxyphenyl-2-( 1 - 
methyl-3-phenylpropyl- 
amino)propanol 
1 :4-dimethanesulphonyloxy- 
butane 

5-ethyl-5 -(1 -methylpropyl)- 
barbituric acid 
y-di-n-butylaminopropyl-p- 
aminobenzoate 
2-irobutylaminoethyl-^- 
aminobenzoate 
5-allyl-5-«obutyl-2-thio- 
barbituric acid (-{-sodium 
carbonate) 

5-n-butyl-5 -ethylbarbituric 
add 

butyl 4 : 5-dihydro-6 : 6- 
dimethyl-4-oxopyran-2- 
carboxylate 
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Butyl aminobenzoate 

Camoquine 

Butesin 

Planoform 

Scuroform 

Camphotamide 

Captodiame 

Covatin 

Caramiphen 

Parpanit 

Carbachol 

Moryl 

Carbarsone 

Aminarsone 

Amabevan 

Leukarsone 

Carbimazole 

Neo-Mercazole 

Carbomycin 

Magnamycin 

Carbutamide 

BZ 55 

Invenol 

Nadisan 

Caronamide 

Staticin 

Cetomacrogol 1000 

Cetrimide 

Cetavlon 

Cetrimonium chloride 

Chiniofon 

Avlochin 

Quinoxyl 

Yatren 

Chlorambucil 

Leukeran 

Chloramphenicol 

Alficetyn 

Chloromycetin 

Chlorbutol 

Chloretone 

Chlorcyclizine 

Di-par alene 
Histantin 

Perazil 


n^bixtyl 4 - — ami nobenzoate 


7-chloro - 4-( diethylamino- 

;thyl-- 4 - liyd roxyanilino) 

inoli no 


thylamino- 


m< 


D-butyltHiodiphenylmethyl 

2-dimethylamin°c t hyl 

sulphide 

2-diethylaminoethyM- 

phenyl-0'^°P cntane " 

acid 

' _ c arbo*yP her * ylmethar,e 

4 ''s“ph<’ 1 n ^ i “l‘ 3 J C col 10°° 

po'y-^cctyl hcr 

mo noa f,,i»ethyl- „ 
hexa d«cyl^ L , roI n.d-= 

rl ,nethyh 
7 acia 
>_d t r,vl- buty licldoro' 

P he f5i—'f'^oitrophenyl- 

-1 = 3 'f^- b t"»°»’ ydryl) ' 
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Chlorhexidine 

Hibitane 

bis-p-chlorophenyldiguanido- 

hexane 

Chlorisondamine 

Ecolid 

4:5:6: 7-tetrachloro-2- 

chloride 


(2-dimethylaminoethyl)- 
troindoline dimethochloride 

Chlormerodrin 

Merchloran 

3-chIoromercuri-2-methoxy- 


Neohydrin 

propylurea 

Chlormethine 


di-(chloromethyl)methyl- 

amine 

Chlornaphazine 


2 :2-dichlorodiethyl- 
/9-naphthylamine 

Chloroazodin 

Azochloramide 

iVJV-dichloroazodicarbami- 

dine 

Chloroguanide, see Proguanil 


Chloromethapyrilene, see Chloropyrilene 


Chlorophenothane, see Dicophane 


Chloropyramine, see 

Halopyramine 


Chloropyrilene 


iV-5-chloro-2-thienylmethyl- 

A r 'A r '-dimethyl-A r -2- 

pyridylethylenediamine 

Chloroquine 

Aralen 

7-chloro-4-(4-diethylamino-1 - 


Nivaquine 

methylbutylamino) 


Santoquine 

quinoline 

Chlorothen, see Chloropyrilene 


Chlorotrianisene 

TACE 

tri(p-methoxyphenyl)chloro- 

ethylene 

Chlorphenesin 

Mycil 

3-p-chlorophenoxypropane 

Chlorpheniramine 

Chlor-Trimeton 

1 -(/>-chlorophenyl)-1 - 

* 

Piriton 

(2-pyridyl)-3-dimethyl- 

aminopropane 

Chlorphenoctium 


2 : 4-dichlorophenoxy- 

amsonate 


methyldimethyl-n-o ctyl- 
ammonium amsonate 

Chlorproguanil 

Lapudrine 

^-3 : 4-dichlorophenyl-N 6 - 

• 


uropropyldiguanide 

Chlorpromazine 

Largactil 

3-chloro-10-(3-dimethyl- 


Megaphen 

aminopropyl) pheno- 


Thorazine 

thiazine 

Chlorprophenpy rid amine, see Chlorpheniramine 

Chlorquinaldol 


5 :7-dichloro-8-hydroxy-2- 
methyl-quinoline 

Chlortetracycline 

Aureomycin 

antibiotic 

Clemizole 

Allercur 

1 -^-chlorobenzyl-2-pyrroli- 
dinomethylbenziminazole 

Clemizole penicillin 

Megacillin 

benzylpenicillin combined 


Neopenyl 

with clemizole 
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Cinchocaine 

Nupercaine 

Cinchophen 

Agotan 

Atophan 

Quinophan 

Corbadrine 

Corticotrophin 

Cortrophin 

Cortisone 

Cortone 

Cyanocobalamin 

Anacobin 

Cobione 

Cytamin 

Cyclamate sodium 

Sucaryl 

Cyclizine 

Marzine 

Cyclobarbitone 

Phanodorm 

Cyclocoumarol 

Cumopyran 

Cyclomethycaine 

Surfacaine 

Surfathesin 

Topocaine 

Cyclopentamine 

Clopane 

Cycloserine 

Dapsone 

Avlosulphon 

Deanol 

Atrol 

Decamethonium iodide 

Eulissin 

Syncurine 

Dehydrocholic acid 

Certonin 

Decholin 

Dehydrocholin 

Demecolcine 

Colcemid 

Deoxycortone acetate 

Cortiron 

DOCA 

Percorten 

Dequalinium chloride 

Dequadin 

Desoxyephedrine, see Methylamphetamine 

Dexamphetamine 

Dexedrine 
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^ -c ^* e ^^ylaminoethylamide of 
2-bu.tyloxycinchoninic acid 
2-phenylq 11 i no 1 ine-4- 

ic acid 


1—(3 r 4—dihydroxyphcnyl)-2- 
ami nopropanol 


i n m 0 ^/ohcxylsulphamate 
nethyl-4-cc-phenylbcnzyl- 

>iperaz inc 

_ ■ 7 _ l—. , . x 7 1 — 


lodium O’r/oh< 

—md 

piperaz ine 

barbituric acid 

: 6'-dihydro-6 -n,cthyM 
phenylpyrano-(3 . Z -5 - ) 

lpiipcridino)- 

propyl ^ov^hcxyl 0 - y - 

^rnii^P ro f >a I iy 0 ^azolidin- 
l_ )_4_ami r ^ 0 
one 

; 4 -.dia I .»»° di P henyl 

o"bistri- 

.^‘lZ-trio*ochol^ c ac,d 

- , c olchici ne 

a cetyl^ tc ron C aCCta ‘ C 
^ or, ‘ 

. amino- 


_— rib* 


aarn> ne 
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Dextromethorphan (-f - )-3 -methoxy-iV-methyl 

morphinan 


Dextromoramide 

Jetrium 

(-f )-1 -(/9-methyl-y-morpho- 


R.875 

lino-aa-diphenylbutyryl)- 

pyrrolidine 

Dextrorphan 


(+)-3 -hydroxy -TV-me thyl - 
morphinan 

Diace tylnalorphine 


diacetyl-iV-allylnormorphine 

Diamorphine 

Heroin 

diacetylmorphine 

Dibethinium 


dibenzylmethylamine 

Dibucaine, see Cinchocaine 


Dichlorophenarsine 

Chlorarsen 

3-amino-4-hydroxyphenyl- 

hydrochloride 

Dichloro-Mapharsen 

dichloroarsine hydro* 
chloride 

Dichloroxylenol 


2 :4-dichloro-3 : 5-xylenol 

Dicophane 

DDT 

2 :2-di-(p-chlorophenyl)- 
1 :1:1-trichloroethane 

Dicoumarol 

Temparin 

3 : 3-me thy lenebis-4-hydroxy- 
coumarin 

Dicyclomine 

Wyovin 

2 -diethylaminoethyl di cydo- 
hexyl-1 -carboxylate 

Diethazine 

Diparcol 

iV-2-diethylaminoethylpheno- 

thiazine 

Diethylcarbamazine 

Banocide 

1 -diethylcarbamoyl-4-methyl- 


Ethodryl 

Hetrazan 

piperazine 

Diethylstilboestrol, see Stilboestrol 


Diethylthiambutene 

Themalon 

3-diethylamino-l : l-di-2'- 
thienylbut-l-ene 

Dihydrallazine 

Nepresol 

1 :4-dihydrazinophthalazine 

Dihydrocodeinone 

Dicodid 


Dihydromorphinone 

Dilaudid 


Dihydrotachysterol 

AT 10 


Di-iodohydroxyquinoline 

Dioquin 

8 -hydroxy-S : 7-di-iodo- 


Embequin 

quinoline 

Diloxanide 

Entamide 

iV-dichloroacetyl-p-hydroxy- 

A^-methylaniline 

Dimenhydrinate 

Dramamine 

8 -chlorotheophylline salt of 



(2-diphenylmethoxyethyl)- 

dimethylamine 

Dimercaprol 

BAL 

2 :3-dimercaptopropanol 

Dimethylthiambutene 


3-dimethylamino-l : l-di-2 r - 
thienylbut-l-ene 

Dimethyltubocurarine 

Diamethine 

Metubine 


Dimethisterone 

Secrosteron 

6 a : 21-dimethylethisterone 



Dimoxylinium phosphate 
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Diodone 

Arteriodone 

Diodrast 

Perabrodil 

Pyelosil 

Pylumbrin 

Uriodone 

Dioxaphetyl 

butyrate 

Diperodon 

Diothane 

Diphemanil 

Diphenatil 

methylsulphate 

Diphenan 

Butolan 

Oxylan 

Diphenhydramine 

Benadryl 

Diphenylhydantoin, 

see Phenytoin 

Dipipanone 

Pipadone 

Disulfiram 

Abstinyl 

Antabuse 

Cronetal 

Dithranol 

Anthralin 

Cignolin 

Dioxythranol 

Dixanthogen 

Domiphen bromide 

Bradosol 

Doxylamine 

Decapryn 

Diflos 

DFP 


Edetic aid 

Edrophonium chloride Tensilon 


Ergometrine maleate 
Ergotamine tartrate 


Ergotrate 

Femergin 

Gynergen 
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6 : :7-dijrirAel::hozs:y-l-(4'-ethoxy- 
3'-metHoxybenzyl)-3- 
methyl/5ociuinolinium 
phosphate 

diethanolamine salt of 3 : 5- 
di-iodo — -4— p>y rid one- iV-acetic 

acid 


ethyl 4—morpholino-2 : 2- 
diphenylbutyrate 
3-(l-piP eric lyl^'^ : 2-propane¬ 
diol dicar ban i late 

4 _diphenyl methylene-1 : 1- 

dirr’ie thylpi peridimurn 

methylsulphate 

/ ,.benzyIphenyl«rbam. B 


benzhydry 1 

ami 


2 -dimethy 1 * 
-1 ether 


. ^diphenyl-fi-pil 18 * 0 - 

heptan-3-one 




■thvlthiu ram 


disulphide 


1 : 8 


.dibyJ~-> anthra " 01 

^yldi r_l 1 phenoxy- 

i ’ ro Vhox>- 

thyhf 11 ^ , v ianimoe hoxy 

re?pr°P y 

--r 

ruet 1 *- 7 


ic 
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Erythromycin 

Ethinamate 

Ethisterone 

=Anhydrohydroxypro 

gesterone 


Ethoheptazine 

Ethohexadiol 

Ethopropazine 

Ethotoin 

Ethylbiscoumacetate 

Ethyl iodophenylunde- 
cylatc 

Ethyl methimazolate 

Ethylmethylthiambutene 

Ethylmorphine 
Ethyl pyrophosphate 
Ethylstibamine 

Eucatropine 

Florantyrone 

Fludrocortisone 
Folic acid 
Formamol 

Forminitrazole 

Framycetin 

Furazolidone 

Furostilboestrol 
Furtrethonium iodide 


Erythrocin 

Ilotycin 

Valmid 

Valmidate 

Gestone-oral 

Lutocyclin 

Oraluton 

Pranone 

Progestoral 

Proluton C 

Zactane 


Lysivane 

Peganone 

Pelentan 

Tromexan 

Ethiodan 

Myodil 


Dionin 

TEPP 

Neostibamine 

Neostibosan 

Euphthalmine 


antibiotic 

1 -ethinylrycZohexy 1 carbamate 
17-ethinyltestosterone 


ethyl (±)-l -methyl-4-phenyl- 
azarycZoheptane-4-carboxy- 
late 

2 - ethylhexane-l : 3-diol 
iV-(2-dimethylamino-n- 

propyl)phenothiazine 

3- ethyl-5-phenylhydantoin 
ethyl 4:4'-dihydroxycouma- 

rin-3:3'-yl-acetate 


2 - carbethoxythio-1 -methi- 
minazole 

3- ethylmethylamino-l : 1-di- 
2 '-thienylbut-l -ene 

tetraethyl pyrophosphate 

diethylamino-p-aminophenyl 

stibinate 

4- mandeloyloxy-l: 2 : 2 : 6- 
tetramethylpiperidine 


Zanchol 


Folvite 

Helmitol 


Soframycin 

Furoxone 


Furmethide 


y-Fluoranthen-8-yl-y-oxo- 
butyric acid 
9-fluorohydrocortisone 

hexamine anhydromethylene- 
dtrate 

2- form amido-5-nitrothiazole 
antibiotic 

3 - {5-nitrofurfurylideneamino)- 
oxazolidin-2-one 

diethylstilboestrol furoate 
furfuryltrimethylaramonium 
iodide 
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G allamine 

Flaxedil 

Gamma benzene hexa- 

Lorexane 

chloride 

Glucosulphone 

Promin 

Glutethimide 

Doriden 

Gold sodium thiomalate 

Myocrisin 

Crisalbine 

Novacrysin 

Gold sodium thiosulphate Sanocrysin 


1 = 2 , : 3 ~ tri -C2-ciietliylamino- 
et ^ lox y)benzene 
^ = 2:3 : 4 r S : 6-hexa- 

chloroo’c/ohexane 

^ ^ —cliam i noci iphcny]- 

Sulpho lie- 7N/2V- di(gl ucose 
sodium sulphonate) 
ot~cthyl-<x-plienylglutarimide 


Halopyramine Synopen 


Halothane 

Hedaquinium chloride 
Hexachlorophane 
Hexamethonium bromide 


Fluothane 

Teoquil 

Hexachlorophene 

Vegolysen 


Hexamethylene iodide Hexathide 


Hexamethonium tartrate Vegolysen T 


Hexamine mandelate 
Hex azole 

Hexethal 

Hexetidine 


Mandelamine 

Azoman 

Azozol 

Ortal 

Sterisil 


Hexobarbitone 


Hexoestrol 


Cyclonal 

Evipal 

Evipan 

Hexanastab 

Synthovo 


Hexylcaine 


Cyclaine 


iV-p-cHlorobenzyl-A/^'iV'- 
dimethyl-A^-2-pyridyl- 
ethy lencdiamin e 
2 -bromo- 2 -chloro- 1 =1:1- 

hexadecaJTnethylenebis-(2- 

iyoquinolinium) chloride 
di—* 5 : 6-trichloro-2- 

hydroxyphcnyljmtthane 

V 1 * "' 1 : 

larninoni urn di- 



.wiene-1 : 6-bistri- 

'me'thylarnmonium di- 

i0 ^,ethonium-l 6-bistri- 
crater 

xyl' 1 : 2 


thyl - 4 ^ 

ria^ole ^ , ba rbi turic acid 

tlxyl 3^ cJiC 2-ethyl- 

>y rimid ,nC ,. nV l'5- ITlCth y ,_ 

bituric 

ar ° xyphc r 

. 2_propyl 
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Hexylresordnol 

Caprokol 

fi-hexylresordnol 

Hydrallazine 

Apresoline 

1 -hy drazinophthalazine 

Hydrocortisone 

Hydralazine 

Hydrocortone 

17-hydroxy corticosterone 

(Cortisol) 

Hydroxamethocaine 


2-dimethylaminoethyl-4-n- 

Hydroxy amphetamine 

Paredrine 

butylaminosalicylate 
2-amino-1 -p-hydroxyphenyl - 

Hydroxychloroquine 

Plaquenil 

propane 

Hydroxydione sodium 

Viadril 

sodium 21 -hydroxypregnane - 

succinate 


3 :20-dione succinate 

Hydroxypethidine 


ethyl 4-w-hydroxyphenyl-l- 

• 


methylpiperidine-4- 

Hydroxystilbamidine 


carboxylate 

4-4' -diamidino-2-hydroxy- 

Hydroxytetracaine, see 

Hydroxamethocaine 

stilbene 

Hydroxyzine 

Atarax 

1 -jp-chlorobenzhydryl-4- 

Hyoscine methobromide Pamine 

[2-(2-hydroxyethoxy)- 
ethyl] piperazine 
(—)-hyo8cine methobromide 

Ibrotamide 


ethyliropropyl-a-bromo- 

Inproquone 


acetamide 

2 : 5-di(ethyleneimino)-3 : 6- 

Iodoalphionic add, see 

Pheniodol 

dipropoxy-1 : 4-benzo- 
quinone 

Iodochlorhydroxyquin 

Vioform 

5-chloro-7-iodo-8-quinolinol 

Iodophthalein 

Opadn 

tetraiodophenolphthalein 

Opacol 

Stipolac 

Iodopyracet, see Diodone 


Iodothiouradl 

Itrumil 

4-hydroxy-5-iodo-2-mercapto- 

Iodoxyl 

Pyelectan 

pyrimidine 

disodium 3 :5-di-iodo-iV- 


Uropac 

methyl-4-pyridone-2: 6- 


Uro8electan B 

dicarboxylate 

Iopanoic add 

Urumbrin 

Telepaque 

a-(3-amino-2:4:6-tri-iodo- 

Iophendylate 

Ethiodan 

benzyl)butyric add 
ethyl iodophenylundecylate 

Iophenoxic add 

Myodil 

Pantopaque 

ot-ethyl-3-hydroxy-2 : 4 :6- 


tri-iodohydorcinnamic acid 



Iproni azide 


appendix l 
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Isoamidone 

Isomethadone 

Isothipendyl 


} 


Nilergex 

Theruhistin 


Ketobemidone Cliradon 


Laudexium methyl- Laudolissin 
sulphate 


^P tazo1 Cardiazole 

Levallorphan 

Levarterenol, see Noradrenaline 
Levomethorphan 

Levomoramide 


Levorphanol Dromoran 


Lidocaine, see Lignocaine 
Lignocaine Xylocaine 


Liothyronine 
Lithium antimony 
thiomalate 
Lucanthone 


Tertroxin 

Anthiomaline 

Miracil D 
Nilodin 


Maphenide 

Mecamylamine 

Meclozine 


Marfanil 

Marprontil 

Inversine 

Mevasine 

Ancolan 


Mecostrin, see Dimethyltubocurarine 


iV-£s 

hydrazine 
isomer of 


10-(2-dimethyl ami nopropyl)- 
lO—thia—1 : 9-diaza- 

anthracen e 


4-(3-hydroxymethyl)-1 - 
methyl—4— propionylpiperi- 
dine 

Decamethylene-1 : lO-bis-1- 

(3 : -4—dimethoxybenzyl)- 
1:2:3 r 4-tetrahydro- 
€> : 7-dim cthoxy-2-methyl- 
■g i i noli ri i u ixx. methyl- 

sulphate 

1 ; S-pentamethylenetetrazolc 

(—)_3-hy<lroxy-A r 'alIyl- 

tan 



^ _j_3_ m ethoxy-A r -» neth y 1 ' 

morphinan 

( lethyt-y 1 1 

( hc-.,ylbu, y ry[)- 

,_ IZ 3-hyd 1 ^y-A'-rne.hyl- 
morphina rx 


dietlxyl^J 

xylid id< 

f— 


-t-2 : 6- 


ine 


inoethyl' 

txxjr-^^hvlthiaxan- 

—rxx etny 11 


1 - 2 '- 

ami n ° 

tho " e id „„c nz yi^ ne 


( camph an< 
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Melarsoprol 
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2-/>-(4: 6-diamino-x-triazin-2> 
ylamino)phenyl-4-hydroxy- 
methyl-1 : 3 : 2-dithia- 
arsoline 


Melphalan 


/>-di-(2-chloroethyl)amino-L- 

Menadiol sodium 


phenylalanine 

2 -methyl-1 :4-dihydroxy- 

diphosphate 


naphthalene sodium 

Menadione, see Menaphthone 

diphosphate 

Menadoxime 

Kapilon, soluble 

ammonium salt of 2-methyl- 

Menaphthone 

Kapilon 

naphthaquinone-4-oxime 
O-carboxymethyl ether 
2 -methyl-1 :4-naphthaqui- 


Prokayvit 

none 

Mepacrine 

Atabrine 

dihydrochloride of 2-chloro- 


Atebrin 

5-(<o-diethylamino-a- 


Quinacrine 

methylbutylamino)-7- 

Mepazine 

Pacatal 

methoxy acridine 
iV-methylpiperidyl-3-methyl- 

Meperidine, see Pethidine 
Mephenesin 

Lissephen 

phenothiazine 

3-(2-methylphenoxy)propane- 


Myanesin 

1 :2-diol 

Mephenetoin 

Tolserol 

3-methyl-5: 5-ethylphenyl- 

Mephentermine 


hydantoin 

2 -methyl-1 -phenyl-2-methyl- 

Mephobarbital, see Methylphenobarbitone 

aminopropane 

Meprochol 

Esmodil 

2 -methoxyprop-2-enyltri- 

Mepyramine 

Anthisan 

methylammonium bromide 
iV-^-methoxybenzyl-iV'iV'- 


Neo-antergan 

dimethyl-iV-2-pyridylethy- 

Meralluride 

Mercuhydrin 

lenediamine 

N-(3-hydroxymercuri-2- 

Merbromin 


methoxypropylcarbamyl)- 
sucdnamic add+theophyl¬ 
line 

di-sodium 2:7-dibromo-4- 

Mercaptamine 


hydroxymercurifluore8cein 

l^-mercaptoethylamine 

Mercaptomerin sodium 

Thiomerin sodium 

disodium salt of AT-(3-carb- 


oxymethylthiomercuri-2- 
methoxypropyl)camphora 
mic add 
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M ercuderamide 


Mercurobutol 

Mercurophylline sodium 

Mercuzanthin 

Mersalyl 

Salyrgan 

Mesulphen 

Mitigal 

Sudermo 

Metarami nol bitartrate 

Aramine 

Methacholine chloride 

Methadol 

Amechol 

Mecholyl chloride 

Methadone 

Adanon 

=Amidone 

Methadyl acetate 

Physeptone 

Methallenoestril 

Vallestril 

Methamphetamine, see Methylamphetamine 
Methandriol 


Methantheiinium Banthine bromide 

bromide 

Methaphenilene Diatrin 


Methapyrilene Thenylene 

Metharbital Gemonil 

Methimazole Mercazole 

Tapazole 

Methiodal sodium Abrodil 

Skiodan sodium 
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hydroxymercuripropanol- 
amideof O-carboxyphenoxy- 

aere tier a c I ci 

4—/ey/. -butyl -2-chl oromer- 

sodium salt: of iV'-(3-hydroxy- 
mercuri-2-methoxypropyl)- 
campho m i c acid >-theo- 

pbylline 

sodium salicyl-(> , -hydroxy- 
mercuri - /i-methoxypropyl)- 
amide O-acetate 

2 : 6-dimet 1 lylthianthrene 

( -1 _w*-hydroxyphenyl-2- 

amiuo-l-propano 1 hy dr °g en 

C -4 )tart rat e 
acetyl - ^-loethylch o l.ne 

chloride . 4 _ 

2-diuiethylarmno-4 ■ + 

d iphen y 11—F> 4 - 5 ; 4 . 

-■» ^*metbvl arn,n °'^ ‘ 

diphenylheptan-S-one 

2-dimethylamj™ j acetate 

diphe r2«v2-naph.l>>')' 

3 C z 7*2 "-*hylp entanoic 

acid 

* t/? • 1 7 /?-dihy- 

l7oc-m cth > cI r0 f t cne-5 

droxy» nc 1 - ct hyl xanthen- 

2-diethyl a 'Y/jLTo ^othobro- 

9-carbox> 

rr»i. j yi-TV "-pbeny 1 -- 

^ ,;V ''^vi’" ct, ’ yl)u 

/2-tbl eri a 

enedian”"^. x-,(2^py r " J >' l, ‘ 

yU-»'>- knc 

5 i — ethyIim,na ' 

2 -ioe«' cap fha nesulP h °' 

z« Ie : 0 tlt» nlC 
s0 di^ 1Iirl 
n» to 
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Methoestrol 


a^-diethyl-4: 4'-dihydroxy- 
3 : 3'-dimethylstilbene 

Methoin 

Meaontoin 

5 -ethyl-3 -methyl-5 -phenyl- 
hydantoin 

Mcthorphinan 

Dromoran 

(i)-3-hydroxy-7V-methyl- 

morphinan 

Methotrimeprazine 


10-(3-dimethylamino-2- 

methylpropyl)-2-methoxy- 

phenothiazine 

Methoxamine 

Vaaoxine 

^-hydroxy-2:5-dimethoxy- 


Vaaylox 

a-methylphenylethylamine 

Methoxyphenamine 

Orthoxine 

1 -(2-methoxyphenyl)-2- 
methylaminopropane 

Methyl phenidate 

Ritalin 

methyl l-phenyl-2-piperidyl- 
acetate 

Methylamphetamine 

Amphedroxin 

jV-methylamphetamine 

=methamphetamine 

Desoxyn 

Methedrine 


Methylbenzethonium 


Benzyldimethyl-{2-[2 -(p- 

chloride 


1:1:3: 3-tetramethyl- 
butylcre 80 xy)ethoxy]- 

Methyldihydro- 

morphinone 

Metopon 

ethyl}ammonium chloride 

Methylergome trine 

Methergin 

( -j- )-1 -hy droxy-2-b utylamide 
of (+) lysergic acid 

Methylhexaneamine 

Forthane 

1 :3-dimethylpentylamine 

Methylpentynol 

Atempol 

Insomnol 

Oblivon 

Somnesin 

3-methylpent-1 -yn-3 -ol 

Methylphenobarbitone 

Mebaral 

5-ethyl-5 -phenyl-1 -methyl- 


Prominal 

barbituric acid 

Methylte8terone 

Metandren 

17-methyl-J 4 -androsten-17- 


Neo-Hombreol 

Perandren 

ol-3-one 

Methylthioninium 


tetramethylthioninium 

chloride 


chloride 

Methylthiouracil 

Muracil 

2-mercapto-4-hydroxy-6- 

methylpyrimidine 

Methyprylone 

Noludar 

3 : 3-diethyl-5-methyIpiperi- 
dine-2:4-dione 

Morpheridine 


morpholinoethylnorpethidine 

Muatine 


di-(2-chloroethyl)methyl- 

amine 

Myleran 


1 :4-dimethylsulphonyloxy- 
butane 



Naepine 

Nalorphine 

Naphazoline 

Neoarsphenamine 

Neocinchophen 

Neostigmine 

bromide 

Neostigmine 
methyls ulphate 

Niacinamide, 
Nicopholine 

Nicotinamide 
= Niacinamide 
Nicotinyl alcohol 
Nicoumalone 

Nikethamide 


Nitrofurantoin 

Nitrofurazone 

Nitromersol 

Nitrosulphathiazole 

Noradrenaline 
= Norepinephrine 
=Levarterenol 
Norethandrolone 

Norethisterone 

Normethadone 


appendix 

Amylsine 

Lethi drone 

Nallene 

Privine 

Neosalvarsan 


Prostigmine 

bromide 


Niagrin 

Peloninamide 

Ronicol 

Sinthrome 

Anacardone 

Coramine 

Corvotone 

Cycliton 

Nicamide 

Furadantin 

Furacin 

Metaphen 


Levophed 
Sympathin N 

Nilevar 

Norlutin 
Primolut N 


Prostigmine 
methylsulphate 

see Nicotinamide 
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_ ^^ t:ylarriiri0ethyI ^' am ‘no- 
t>enzoate 

A^-allylnormorphine 

2 -(naphthyl-]. mc th,| )imina . 

zoline 

eth Y 1 6-:met:hyl-2-phenyl- 
c 1 L1 * n oli nc-^)—carboxyJate 
dimethylcarbamic ester of 
3 - F* }'<-! r-oxyphenyltrimethyl- 
ammonium bromide 
dimethylcarbamic ester of 
3 — h y d roxy phenyltrimethyl- 
ammorxium methylsulphate 

morpholinonicotinic acid 
amide 

nicotinic acid amide 

3-py ridylmethanol 
3 _(2-acetyl- 1 ~/>-nitrophenyl- 
hyl )-4- hydroxycoumarin 
diethylamide of pyridine-/?- 
carboxylic acid 


_(5_nitro — 2 -furfurylidene- 

aminojhydantoin 
;_ n i t rofuran-2-aIdehyde 
semicarbazonc 

_methyl-2 : 3 -hydroxy- 

rn ercuri-4-nit r° benzene 

..fp-nitrophciylsulpho"- 

^idojthiazoie 

rdVlfya7oxypl>e,iyi)c t h a n„l 

yn-3-one 

, j -methyl 31 ”* 00 ’ 4 ‘ 
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Novobiocin 

Albamycin 

Biotexin 

Cathomycin 

Streptonivicin 

antibiotic 

Nystatin 

Mycostatin 

antibiotic 

Octamylamine 


pentylaminomethylheptane 

Oestradiol 

Dimenformon 

1:3: 5(10)-oestratriene-3 : 


Ovocyclin 

Progynon-DH 

170-diol 

Oestradiol benzoate 

Dimenformon benzoate 

Oestroform 

Ovocyclin-B 

Progynon-B 

Oestriol 

Dimenformon 

3 : 16 : 17-trihydroxy-l : 3 : 


Ovocylin-P 

(lO)-oestratriene 

Oestrone 

Ketodestrin 

3-hydroxy-l : 3 : 5(10)- 


Menformon 

oestratriene-17 -one 


Oestroform (oral) 

• 

Oestrone benzoate 

Benztrone 


Oleandomycin 

Matromycin 

Romicil 

antibiotic 

Ostreogiycin 

Ostreocin 

antibiotic 

Oxeladin 


diethylaminoethoxyethyl 
a: a-diethylphenylacetate 

Oxophenarsine 

Mepharsen 

3 -amino-4-hydroxyphenyl - 

hydrochloride 


arsine-oxide hydrochloride 

Oxophenarsine tartrate 

Neohalarsine 


Oxycinchophen 


3 -hydroxy-2-phenylcin- 
choninic acid 

Oxydipentonium 


5 : 5'-bis(trimethyl- 

chloride 


ammonium)-dipentyl ether 
dichloride 

Oxyphenonium bromide 


2 -diethylaminoethyl tx-cyclo- 
hexyl-a-phenylglycollate 
methobromide 

Oxytetracy cline 

Terramycin 

antibiotic 

Oxytocin 

Pitocin 

Syntocinon 


Pamaquin 

Plasmoquine 

6 -methoxy-8-(a>-diethylamino 
a-methylbutyl)amino- 
quinoline salt of 2 : 2'- 
dihydroxy-1 : l'-dinaph- 
thylmethane-3 :3'- 
dicarboxylic acid 



Paracetamol 

Paramethadione 

Parethoxycaine 

Paroxypropione 

Pecazine 

Pempidine 

Penethamate 

Pentacynium 

Pentamethonium 

bromide 

Pentamethonium iodide 


APPEND!x 

Panadol 

Paradione 


Pacatal 

Perolysen 

Tenormal 

Estopen 


Lytensium 

Antilusin 


Pentamethylenetetrazole, see Leptazol 
Pentamidine 

Pentaquine 

Penthienate Monodral 

Pentobarbitone Nembutal 

Pentolinium tartrate Ansolysen 


Pentylenetetrazol, see Leptazol 
Perphenazine Fentazin 


Pethidine 

Phenacaine 

Phenacemide 


Trilafon 

Demerol 
Dolantal 
Dolan tin 
Holocaine 

Phenurone 
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^ ~ ac etamidophenol 
5 -«r,thy 1-3 5 -dimethyloxazoli- 

dinc-2 : 4-dione 
a rethy 1 aminoethanol 4 - 
ethoxybenzoate 

ro^ypropiophenone 
10 “C 1 -methyI-3-piperidyl- 
11 let Fry 1 )p Jienothiazine 

6-pentamethyl- 

piperidine 

t><?nz:>-lp»er»icillin 2-diethyl- 
aminoethyl ester 
4-{2- r ^ ^ -cyano-5 : 5- 

tliphenylpentyI)-jV-methyl- 
amimoethyl} morpholine 
d i methochloride 
pentamethylenc-1 : 5-bistri- 
mcthyl ammonium di- 
fc» ro m ide 

pentamethylene-I : 5-bistri- 
methylammonium di- 
i od ide 

4 - 4'_diamidino-afU'diphen- 

oxypcntane 

6-methoxy-8-(5-Kopropyl- 
a mi nopentylamino)- 
quinolinc 

2 -diethylaminoethyl cx- 

hydroxy-«-0'^°P ent ^" l!t ‘ 
/ 2 -thienyl) hydroxyacetate 

5_ethyl-5-(l-methylbutyl)- 

barbituric acid 

pentamethylcne-1 : 5-b.s- 

n ( ! .methylpyrrol.dmium 

tart rate) 

1 "T-c^boxylic acid e,hy] ester 

et ho^y>-^- dietho, ‘ yd ‘ phe " yl ' 

a rnid> nc 

loretvlurea 

phcny lace y 
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Phenactropinium 

Trophenium 

JV-phenacylhomatropini um 

chloride 


chloride 

Phenadoxone 

Heptalgin 

6-morpholino-4:4-diphenyl- 



heptan-3-one 

Phenarsone sulphoxylate 


sodium 3-amino-4-hydroxy- 



phenylarsonate N-methanal 
sulphoxylate 

Phenindamine 

Thephorin 

1:2:3:4-tetrahydro-2- 



methyl-9-phenyl-2-aza- 

fluorene 

Phcnindione 

Dindevan 

P.I.D. 

2-phenylindane-1 : 3-dione 

Pheniodol 

Biliselectan 

/?-(4-hydroxy-3 :5-diiodo- 


Priodax 

phenyl)-a-phenylpropionic 

acid 

Phenobarbitone 

Gardenal 

5 -ethyl-5 -pheny lbarbituric 


Luminal 

add 

Phenobutiodil 

Biliodil 

a-(2: 4 : 6-tri-iodophenoxy)- 



butyric add 

Phenomorphan 


3-hydroxy-A r -(2-phenylethyl) 



morphinan 

Phenoxybenzamine 

Dibenyline 

2-(A^-benzyl-2-chloroethyl- 


Dibenzyline 

amino)-l -phenoxypropane 

Phenoxy ethanol 

Phenoxetol 

2 -phenoxyethanol 

Phenoxymethylpenicillin 1 
Penicillin V J 

J^Distaquaine V 

a biosynthetic penicillin 

Phenpromethamine 


N-/?-dimethylphenylethyl- 



amine 

Phensuximide 

Milontin 

iV-methyl-a-phenylsuccini- 



mide 

Phentolamine 

Rogitine 

2-(m-hydroxy-A^-/>-totyl- 



anilinomethyl)-2-imida- 

zoline 

Phenylbutazone 

Butazolidin 

4-n-butyl-l : 2-diphenyl- 



pyrazolidine-3 :5-dione 

Phenylephrine 

Neophryn 

(—)-l -(m-hydroxyphenyl)-2- 


Neosynephrine 

methylaminoethanol 

Phenylindanedione, see Phenindione 


Phenylmercuric nitrate 

Merfenil 

Merphenyl 

phenylmercury nitrate 

Phenylpropylmethylamine Vonedrin 

1 -methylamino-2-phenyl- 



propane 

Phenytoin 

Dilantin 

Epanutin 

Eptoin 

Solantin 

5 :5-diphenylhydantoin 



APPENDIX X 


389 


Phethenylate 

Pholcodine 

Pholedrine 


Phthalylsulphacetamide 

Phthalylsulphathiazole 

Phytomenadione 

=Phytonadione 

Pipadrol 

Pipenzolate 
Piperazine adipate 
Piperazine citrate 

Piperocaine 

Piperoxan 

Piprinhydrinate 

Piridocaine 

Polymyxin B 

Polyvidone 

Poskine 

Potassium hydroxy- 
quinoline sulphate 
Pramoxine 

Prednisolone 


Thiantoin 

Ethnine 

Memine 

Pholetone 

Stimatone 

Veritain 

Veritol 

Enterocid 

Sterathal 

Sulphathalidine 

Thalazole 

Thalistatyl 

Konakion 

Mephyton 

Meratran 

Piptal 

Entacyl 

Antepar 

Helmezine 

Metycaine 

Benodaine 

Kolton 

Mepedyl 


Aerosporin 

Proscopine 

Chinosol 


Codelcortone 
Delta-Cortef 
Delta-Cortril 
Delta-Stab 
Hydeltra 

Metacortandrolooe 

Meticortelone 


® ny 1 - 5-(2-thienyI)- 
hydantoin 

morpholinylethylmorphine 

1 Hy <3r-oxyphenyI)-2- 

metliylaminopropane 


/>-(<?-carboxybenzoyI)amino- 
t>e nzencsulphonacctamide 
2-^-(o-carboxybenzoyl)- 

ami nobenzenesulphamido- 

thi axole 

2-methyl-3-phytyI-l : 4- 
naphthoquinone 
diphenyl (2-pipcridyI)- 
methanol 

jV-f tb yl -3 -piperidyl benzilate 


3 -beixzo xy- 1 -( 2 -methyl- 
piperid i no)propane 

2-pip er *^ inomethyihtnzo- 

j - 4 _dioxan 

4 _diphenylnic t h o xy-l-me t hyl- 
piperidinc salt of 8 -ehloro- 

theophylhnc 

^_(2-pip eridyl ) Cthy ° 
benz° ate 

an i^ 1 ^y 1 py rroIidone 


-amino- 


poJ 


i n 


ylhyosct 


iie 


_nholl 


toxyphenoxypropyl)- 


rraorp 


holme 


2 "a e hydrohydrocormone 
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Prednisone 

DeCortisyl 

Deltacortone 

Deltasone 

Deltra 

Metacortandracin 

Meticorten 

Ultracorten 

1 :2-dehydrocortisone 

Pregnenolone 


3 -hydroxy-20-oxopregnene-5 

Primaquine 


8-(4-amino-1-methylbutyl- 
amino)-6- me thoxy quinoline 

Primidone 

Mysoline 

5 -ethyl-5 -phenylhexahy dro- 



pyrimidine-4: 6-dione 

Probarbital 


5-ethyl-5-wopropylbarbituric 

acid 

Probenecid 

Benemid 

p-(di-n-propylsulphamyl)- 
benzoic acid 

Procainamide 

Pronestyl 

4-amino-2-(dimethylamino- 

ethyl)benzamide 

Procaine 

Novocaine 

diethylami noethyl p-amino- 
benzoate 

Prochlorperazine 

Compazine 

1 - [3 -(2-chlor o-10-pheno- 


Stemetil 

thiazinyl)propyl] -4-methyl- 
piperazine 

Procyclidine 

Kemadrin 

(i)-1 -cyclo hexyl-1 -phenyl-3 - 
pyrrolidinopropan-1 -o 1 

Progesterone 

Gestone 

Lipo-Lutin 

Luteostab 

Lutocyclin 

Lutren 

Proluton 

3-pregnene-3 : 20-dione 

Proguanil 

Guanatol 

iV 1 -p-chlorophenyl-JV fi -«o- 


Paludrin 

propyldiguanide 

Promamide 


Sodium 4:4'-diaminodi- 

=Pro min 


phenylsulphone-iV: N'- 



didextrose sulphonate 

Promethazine 

Phenergan 

iV-2-dimethylaminopropyl- 

phenothiazine 

Promethoestrol 

Methoestrol 

3 :4-di(4-hydroxy-3-methyl- 
phenyl)hexane 

Promoxolane 


2: 2-diwopropyl-l : 3-dioxo- 
lane-4-methanol 

Propantheline bromide 


/3-ditfopropylaminoethyl- 

xanthene-9-carboxylate 

Prophenpyridamine 

Trimeton 

1 -phenyl-1 -(2-pyridyl)-3- 


dimethylaminopropane 
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Propoxyphene 

Propylhexedrine Benzedrex 

Propyliodone Dionosil 

Propylthiouracil 

Pyrathiazine Pyrrolazote 

Pyridostigmine Mestinon 

Pyrilamine, see Mepyramine 
Pyromethamine Daraprim 
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—dimethylamino -1 : 2- 
ip>Henyl-3-methyl-2- 
P i-op>i onyloxybutane 
1 hexyl-2-methylamino- 

p ropane 

» — propyl ester of 3 : 5-diiodo- 
4 — pyridone A’-acetic acid 
i^yd r*oxy-2-mercapto-6-tt- 
p r< j> p»y I pyrimidine 
X O— [2-C 1 -pyrrolidyljethylj- 
P h enothiazine 
3 — di methylcarbamoyloxy-1- 
methylpyridinium 

; 4--ciiamino-5-/>-chloro- 
phenyl-6 —ethylpyridamine 


Quinacrine, see Mepacrine 
Quinalbarbitone i 


Seconal 


Racemethorphan 


Racemoramide 


Racemorphan 

Racephedrine 

Reserpine 


Salinazide 


Dromoran 


Serpasil 


Nupa-sal 


Secobarbital, see Quinalbarbitone 
Sodium acetrizoate Diaginol 


sodium 5 -alIyl-5-( 1 -methyl- 
t, u tyl) barbituric acid 

^ )-3 - methoxy--V-me thyl- 

inorphinan 

. , ^_i /J-mcthyl-y-morpt'o- 

‘ IiUo-««-. di P hcnylbutyryl) ' 

0 yr r °Iicii ne 

r ±)-3 - hy droxy-N-methyl- 

m orphinan 

(rfc)" ephedrinC 


-TV'-salicyli- 

<Sneh y drazm e 

, . 3_ a cetamido-2 : 4 : 6- 


Sodium aurothiomalate, see Gold sodium thiornala the jiso- 

Sodium aurothiosulphate, see Gold sodium thi osU ^ c - uin ehelat'^^° t i c acid 
Sodium calcium edetate Calcium disodium ° sa ^ ^ c xylsulphamate 

versenate s octi«^ 5 dlacetamido- 

Sodium cyclamate Sucaryl s 0 di« rn ~ * rr ;iodobcnzoate 

Sodium diatrizoate Hypaque 2 . ; - 4 - : 
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Sodium iodomethamate 

Neo-Iopax 

disodium 1-methyl-3 : 5- 
diiodo-4-pyridone-2:6- 
dicarboxylate 

Sodium stibogluconate 

Pentostam 

Solustibosan 


Sodium tetradecylsulphate 

sodium 7-ethyl-2-methyl- 
undecyl-4-sulphate 

Solapsone 

Sulphetrone 

tetrasodium 4:4'-di(3- 
phcnyl-1:3-disulpho- 
propylamino) diphcnyl- 
sulphone 

Spiramycin 

Rovamydn 

antibiotic 

Stibophen 

Fouadin 

sodium antimony bispyrocate- 
chol-3 :5-sodium di- 
sulphonate 

Stilboestrol 

Clinestrol 

4 : 4'-dihydroxy-a/5-diethyl- 


Pabcstrol 

stilbene 

Stilboestrol 

Pabestrol-D 


dipropionate 

Syntestin 


Subathizone 


4-ethylsulphonylbenzaldehyde 

thiosemicarbazone 

Succinylsulphathiazole 

Sulphasuxidine 

/>-2'-sulphonthiazolylamido- 
succinanilic add 

Sulfobromophthalein 

Bromsulphalein 

disodium phenoltetrabromo- 
phthaldnsulphonate 

Sulfoxone 

Diasone 

disodium 4:4 / -di(sulphino- 
methylamino)diphenyl- 
sulphonc 

Sulphacetamide 

Albudd 

p-aminobenzenesulphon- 


Steramide 

Sulamyd 

acetamide 

Sulphadimidine 

Sulphamezathine 

2 -{/>-aminobenzenesulphon- 
amido)-4:6-dimethyl- 
pyrimidine 

Sulphaethidole 

Sethadil 

5-p-aminobenzeneaulphon- 
amido-2-ethyl-l : 3 : 4- 
thiadiazole 

Sulphafurazole 

Gantrisin 

5-(/>-aminobenzenesulphon- 
amido)-3 :4-dimethyluo- 
oxazole 

Sulphaguanidine 

Guamide 

p-aminobenzenesulphonyl- 

guanidine 

Sulphamethizole 

Uro-lucosil 

2 -p-aminobenzenesulphon- 
amido-5-methyl-1 : 3 : 4- 


thiadiazole 


’■S 
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Sulphamethoxypyridazine Lederkyn 

Sulphan blue Blue vr S 

Disulphine blue 
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Sulphanilamide 

Sulphaproxyline 

Sulphapyridine 

Sulpharsphemamine 

bismuth 

Sulphasolucin 

Sulphasomidine 
— Sulphisomide 

Sulphathiazole 

Sulpha thiourea 


Prontosil album 
Streptoside 


Dagenan 
M & B 693 
Bismarsen 

Soluseptasine 


Blkosin 


Cibazol 

Thiazamide 

Badional 


Sulphisoxazole, see Sulphafurazole 
Suramin Antrypol 

Bayer 205 
Germanin 
Naphuride 
Brevidil M 


Anectine 
Scoline 
Brevidil E 


Suxamethonium 
bromide 
Suxamethonium 
chloride 

Suxethonium bromide 
Tacrine 

Testosterone Neo-Hombreol 

rp . . Perandrin 

i etracame, see Amethocaine 
Tetracycline 


Thenalidine 

Thenyldiamine 


Achromycin 

Tetracyn 

Sandosten 

Pyribenzamine 


~ ' 1 h°ocy-3-sulphanilamido- 

pyndazme 

salt of 4: 4 '-di- 
(diet hylamino)-4' ; 6 "-di- 

S U * F>T»otriphenolmethan 0 l 

anhyd ride 

- a m i nobenzenesulphonamide 

1 «opropoxybenzoyl)-p. 

£* m l nobenzenesulphonamide 
^"C^'arnmobenzenesulphon- 

amido) pyridine 
bismuth derivative of sulph- 
a rsphenamine 
disodium f>— (y-phenylpropyl- 
ani i no) benzenesulphon- 
a m i do - oc 5 ^-disulphonate 
6 -/>-aminobenzcnesulphon- 
am i cl o- 2 : -4-dimethyl- 
pyri m idine 

2!-( />-aminobenzenesulphon- 
ami clo) tbiaztde 
^C> —ami nobenzenesulphonyl- 
thiou rea 


syi 


irical urea of m-ben- 

zoyl-w-amino-/>-methylben- 
ZO yl- 1 -aminonaphthalene- 
4 : 6 : 8-trisulphonic acid 
bis(2-dimethylaminoethy]) 

succinate bismethobroraide 
K if 2 - d imethylaminoethyl) 

succinate bisnaethochloride 

bisf 2-di rnethy Iarni noethyl) 

v _ te bisethobromide 


ina 


„ 1 - 2 * 3 : 4 -tetra- 

S — amino-1 - f ■ 

hydroacridine 
1 7_hydroxy-4-androste n .3. 


one 


antibiotic 

- ^e,tbyl- 4 -W-( 2 - then > r, >' 

[ttnvlaminojpyndine 
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Theophylline 

Theocin 

1 : 3-dimethylxanthine 

Thiacetarsamide sodium 


disodium salt ofp-[di- 
(carboxymethylmercapto)- 
aminojbenzamide 

Thiacetazone 


4-acetylaminobenzaldehyde 

thiosemicarbazone 

Thialbarbitone 

Kemithal 

5-A *-cycfohexenyl-5-allyl-2- 
thiobarbituric acid 

Thiamylal 

Surital 

5-allyl-5-(l -methylbutyl)-2- 
thiobarbituric acid 

Thiandizole 


1 -methyl-2-mercaptoimid- 
azole 

Thiazolsulfone 


4:2'-diaminophenyl-5'- 
thiazolylsulphone 

Thiodiglycol 


2 :2'-hydroxyethyl sulphide 

Thiomersalate 

Merthiolate 

sodium ethylmercurithiosali- 

—thiomerosal 


cylate 

Thiopentone 

Intraval 

5 -ethyl-5-(1 -methylbutyl)-2- 


Pentothal 

thiobarbituric acid 

Thiopropazate 


1 -(2-acetoxy ethyl)-4- [3 -(2 - 
chloro- 10-phenothiazinyl) 
propyl]piperazine 

Thonzylamine 

Neohetramine 

iV-/>-methoxy benzyl -N: N'- 
dimethyl-./V-2-pyrimidyl- 
ethylamine 

Thyrotrophin 

Thytrophin 

thyrotrophic hormone 

Tocamphyl 


diethanolamine salt of tolyl 
methylcarbinol-(-^-cam¬ 
phoric acid ester 

Tolazoline 

Priscol 

2 -benzyliminazoline 

Tolbutamide 

D 860 

A^-butyl-A^'-toluene-p- 


Orinase 

sulphonylurea 

Tolpromine 

Proponesin 

1 -(1: 2 : 3 : 6-tetrahydro- 
pyridino)-3-o-tolyloxy- 
propan-2-ol 

Tretamine 

TEM 

2:4: 6-tri(ethyleneimino)- 


T riethanomelamine 

T riethy lenemelamine 

iS-triazine 

Triamcinolone 

Aristocort 

9a-fluoro-16a-hydroxypre d- 


Ledercort 

nisolone 

T richloroethylene 

Trilene 


Tricyclamol chloride 

Elorine chloride 

(±)-l-(3-o , ^hexyl-3- 


Lergine 

hydroxy-3-phenylpropyl)- 
1 -methylpyrrolidinium 
chloride 



Trimeprazine 
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Trimetaphan camphor- Arfonad 
sulphonate 


Trimethadione, see Troxidone 
Trimethidinium 


methosulphate 


Tripelennamine 

Tropigiine 
Troxidone 
= T rimethadione 
Tryparsamide 

T uaminoheptane 
Tyrothricin 


Camphidonium 


Tridione 


Tuamine 


1 °~^ 3 _c 3 ime thylamino-2- 

m fthylp ropyl)phenoth ._ 
azi ne 

4 '* 6_ ^ 1 ^ enz y I “5-oxo-l-thi a - 

^ : 6 -diaza tricydo 

-'3:0 : = undeca- 

ni um 

( ~t~ ~(3 -dimethylamino- 

propyl)-1 : 8 : S-trimethyl- 
3 — a 52 u bzcyclo [ 3 : 2:1] 
octsane di (Ynethylmetho- 
su lphate) 

-^V- t>e nzy] -TVW'-dimethyl- 
^V'-2-f>yr-iclylethyIenedi- 
amine 
t ip 1 y 1 1 ropi ne 
3:5: 5-tx-imethyloxazolidine- 

2 : 4-dione 

sodium A^-phenylglycine- 
a m i de-/>-arsonate 
2-ami noheptane 
antibiotic 


Urecholine 


Bethanechol 


^_ m ethylcholine chloride 
urethane 


Vancomycin 

Vinbarbitone 

Vinyl ether 
Viomycin 

Warfarin 

Zoxazolamine 


Vancocin 

Delvinal 

Vinethene 

Viocin 

Coumadin 

Flexin 


antibiotic 

5 —ethyl-5-(l -methybl- 

butenyl)barbituric acid 

divinyl ether 
ant ibiotic 

3 -( 2 -acetyb 1 -phenylethyl)- 

4_hydroxycoumarin 

2^ammo-5-ch lorohcnzox;lzole 


A 


Appendix II 

PROPRIETARY NAMES 
with 

OFFICIAL or CHEMICAL EQUIVALENTS 


In this appendix are included some of the proprietary names of drugs and the 
equivalent official or approved names. 


ACTH 

AT 10 

Abrodil 

Abstinyl 

Achromycin 

Acramine 

Adanon 

Aerosporin 

Agotan 

Albamycin 

Albucid 

Aldinamide 

Aldocorten 

Aleudrin 

Alficetyn 

Allercur 

Aludrine 

Alurate 

Alypin 

Amabevan 

Ambodryl 

Amechol 

Aminacyl 

Aminarsone 

Amphedroxin 

Amylsine 

Amytal 

Anacardone 

Anacobin 

Anaesthesin 


Corticotrophin 

Dihydrotachysterol 

Methiodal sodium 

Disuliiram 

Tetracycline 

Aminacrine 

Methadone 

Polymyxin B 

Cinchophen 

Novobiocin 

Sulphacetamide 

Isoniazid 

Aldosterone 

Isoprenaline sulphate 

Chloramphenicol 

Clemizole 

Isoprenaline sulphate 
Aprobarbital 
Amydricaine hydro¬ 
chloride 
Carbarsone 
Bromazine 

Methacholine chloride 
Sodium aminosalicy¬ 
late 

Carbarsone 

Methylamphetamine 

hydrochloride 

Naepine 

Amylobarbitone 

Nikethamide 

Cyanocabalamin 

Benzocaine 


Ancolan 

Anectine 

Anethaine 

Ansolyaen 

Antabuse 

Antepar 

Antergan 


Anthiomaline 

Anthiphen 

Anthisan 

Anthralin 

Antilusin 

Antistin 

Antrenyl 

Antrycide 


Antrypol 

Apothesine 

Apresoline 

Aralen 
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Medozine dihydro¬ 
chloride 

Suxamethonium 

chloride 

Amethocaine hydro¬ 
chloride 

Pentolinium tartrate 
Disulfiram 
Piperazine citrate 
N: iV-dimethyl-iV'- 
phenyl-iV'-benzyl- 
ethylenediamine 
Lithium antimony 
thiomalate 
Dichlorophen 
Mepyramine maleate 
Dithranol 
Pentamethonium 
iodide 
Antazoline 
Oxyphenonium 
bromide 

4-amino-6-(2'-amino- 
6 '-methylpyrimidyl- 
4'-amino)quinal- 
dine-1 :1-dime- 
thylsulphate 
Suramin 

3-diethylaminopropyl 

cinnamate 

Hydrallazine hydro¬ 
chloride 
Chloroquine 


V 
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Aramine 

Metaraminol 

Arfonad 

Trimetaphan cam- 

Aristocort 

phorsulphate 

Triamcinolone 

Aristol 

Thymol iodide 

Arrhenal 

Sodium methyl - 


arsonate 

Artane 

Benzhexol hydro¬ 


chloride 

Arteriodone 

Diodone 

Atabrine 

Mepacrine hydro¬ 

(Atebrin) 

chloride 

Atarax 

Hydroxyzine hydro¬ 


chloride 

Atempol 

Methylpentynol 

Atophan 

Cinchophen 

Atoxyl 

Sodium amino- 


arsonate 

Atrol 

Deanol 

Aureomycin 

Chlortetracycline 

Avertin 

Bromethol 

Avlochin 

Chiniofon 

Avlosulphon 

Dapsone 

Avomine 

Promethazine 8- 


chlorotheophylli - 


nate 

Azochloramide Chloroazodin 

Azoman \ 
Azozol f 

Hexazole 

BAL 

Dimercaprol 

BZ 55 

Carbutamide 

Badional 

Sulphathiourea 

Banocide 

Diethylcarbamazine 

Banthine 

dihydrogen citrate 
Methanthelinium 

bromide 

bromide 

Bayer 205 

Suramin 

Benadryl 

Diphenhydramine 

Benapen 

hydrochloride 
Benethamine peni¬ 


cillin 

Benecardin 

Khellin 

Benemid 

Probenecid 

Benodaine 

Piperoxan 

Ben-Ovocyclin 

Oestradiol benzoate 
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Benylin 

| Benzedrcx 
[ Benzedrine 
Benzestrol 


| Benztrone 

) Berculon A 
| Bethanechol 
i Biliodil 
Biliselectan 
Biotexin 
Bismarsen 

Blue VRS 
Bradosol 
Brevidil K 

Brevidil 

Bromazine 

BromsulphaJcin 

B rom u ral 

Butazolidine 

Butesin 

Butisol 

Butolan 


Diphenhydramine 
hydrochloride 
Rropylhexedrine 
Amphetamine 
2 : 4-di(/>-hydroxy- 
phenyl)-3-ethyI- 
hexane 

Oestradiol mono¬ 
benzoate 
'T'hiacetazone 
HJ recholine 
Dhenobutiodil 
Dheniodol 
INTovobiocin 
S nlpharsphenamine 
bismuth 
Sulphan blue 
Domiphen bromide 
Suxcthonium 
bromide 

S uxamcthonium 
bromide 

2-(4-bromodiphenyl- 

methoxy)ethyl- 

dimethylamine 

Sulpbobromophtha- 

lcin 

Bromvaletone 

Phenylbutazone 

Ii u t y 1 aminobcnzoate 

J 3 u tabarbital 

Diphenan 

Butacaine 


Butyn 

CTAB 

Calcium 

sodiuiu 

verseoate 

Calsio^ 

Calspr» te 


Caino 


Camp 1 


form 


Cetrimide 
Sodium calcium ede- 
tate 

Calcium 0 -iodoxy- 

benzoate 

Calcium acetylsal.cy- 

1 a t e , , , 

Bialamicol hydro- 

chloride 

y^rraodiaquine 

^rimethidmium 
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Caprokol 

Hexylresorcinol 

Cardiazol 

Leptazol 

Cardophyllin 

Aminophylline 

Cathomycin 

Novobiocin 

Ceepryn 

Cetylpyridinium 

chloride 

chloride 

Certonin 

Dehydrocholic acid 

Cetavlon 

Cetrimide 

Chinosol 

Potassium 8-hydroxy- 
quinoline sul¬ 
phate 

Chlorarsen 

Dichlorophenarsine 

hydrochloride 

Chloretone 

Chlorbutol 

Chloromycetin 

Chloramphenicol 

Chlor- 

Chlorpheniramine 

Trimeton 

hydrogen maleate 

Choledyl 

Choline theophylli- 
nate 

Cibazol 

Sulphathiazole 

Cignolin 

Dithranol 

Clinoestrol 

Stilboestrol 

Cliradon 

Ketobemidone 

Clopane 

Cyclopentamine 

Cobione 

Cyanocobalamin 

Codelcortone 

Prednisolone 

Cogentin 

Benztropine 

Colcemid 

Demecolcine 

Colistatin 

Succinylsulphathia- 

zole 

Compazine 

Prochlorperazine 

dimaleate 

Contebin 

Thiacetazone 

Coramine 

Nikethamide 

Cortiron 

Deoxycortone acetate 

Cortone 

Cortisone 

Cortrophin 

Corticotrophin 

Corvotone 

Nikethamide 

Cotinazin 

Isoniazid 

Coumadin 

Warfarin 

Covatin 

Captodiame hydro¬ 
chloride 

Crisalbine 

gold sodium thio¬ 
sulphate 

Cronetal 

Disulfiram 

Cumopyran 

Cyclocoumarol 


Cyclaine 

Hexylcaine 

Cycliton 

Nikethamide 

Cyclonal 

Hexobarbitone 

Cyclospasmol 

3:5: 5-trimethyl- 
cyc/ohexyl mande- 
late 

Cytamen 

Cyanocobalamin 

D 860 

Tolbutamide 

DAPT 

2:4-diamino-5- 
phenylthiazole 

DFP 

Diflos 

DHE-45 

Dihydroergotamine 

methanesulphonate 

DOCA 

Deoxycortone acetate 

Dagenan 

Sulphapyridine 

Daptazole 

Amiphenazole 

Daraprim 

Pyrimethamine 

Darstine 

5 -methyl-4-phenyl-1 - 
(l-pyridyl)-3- 
hexanol metho- 
bromide 

Decapryn 

Doxylamine 

Decholin 

Dehydrocholic acid 

DeCortisyl 

Prednisone 

Dehydrocholin Dehydrocholic acid 

Decicain 

Delta-Cortef "1 

Amethocaine hydro¬ 
chloride 

Delta-Cortril 
Delta-Stab J 

Deltacortone "j 

►Prednisolone 

Deltasone 
Deltra J 

►Prednisone 

Delvinal 

Vinbarbitone 

Demerol. 

Pethidine 

Dequadin 

Dequalinium chloride 

Desomorphine 

Dihydrodesoxy- 

morphine 

Desoxyn 

Methylamphetamine 

Dexedrine 

Dexamphetamine 

sulphate 

Diaginol 

Sodium acetrizoate 

Dial 

Allobarbitone 

Diamethine 

Dimethyltubocurarine 

bromide 
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Diamox 

Diasone 

Diatrin 


Acetazolamide 
Sulphoxone 
Methapheniline 
hydrochloride 
AW- Di benzyl -fi- 

chloroethylamine 
Benzathine penicillin 
Dibenyline \ Phenoxybenzamine 
Dibenzyline/ hydrochloride 
Cinchocaine 
Dichlorophenarsine 
hydrochloride 
Dihydrocodeinone 
bitartrate 

Phenytoin sodium 
Dihydromorphinone 
hydrochloride 
Mersalyl 
Oestradiol 

{ Phenindione 
Phenylindanedione 
Diiodohydroxy- 
quinoline 
Diodone 
Ethylmorphine 
Propyliodone 
Diiodohydroxy- 
quinoline 
Diperodon 
Dithranol 

Chlorcyclizine hydro¬ 
chloride 

Diethazine hydro¬ 
chloride 

Diphemanil methyl- 
sulphate 

Distaquaine V Phenoxymethyl- 
penicillin 
Sulphan Blue 


Dibenamine 


Dibencil 


Dibucaine 
Dichloro- 
Mapharsen 
Dicodid 

Dilantin 

Dilaudid 

Dilurgen 

Dimenformon 

Dindevan 

Diodoquin 

Diodrast 
Dionin 
Dionosil 
Dioquin 

Diothane 
Dioxythranol 
Diparalene 

Diparcol 

Diphenatil 


Dulcolax 


Kcolicl 


f Levorphanol tartrate 
v. IMethorphinan 
li isacodyl 


Disulphine 
Blue VNS 
Dolantal \ 
Dolantin j 
Dolophine 
Doriden 


Pethidine hydro¬ 
chloride 
Troxidone 
Glutethimide 


Electroco rtin 
Elkosi n 

Elorine chlorid 
Embequi n 

Entaci 1 
Entamide 
Epanutin 
Ephynal 
Epi ni ne 


Eptoin 

Equanil 

Ergotrate 

Esidrone 

Fsmod i 1 

Ethiodan 

Ethniru 


n 



inc 


Doryl, see Moryl 
Dramamine Dimenhydrinate 


Euphy llin 

E u rax 

Evan 3 ® Il,e n 

J 

Evip an 

Fe mer^ in 

Feota^* n 

Fla.:*^*** 1 


Chlorisondamine 
chloride 
Aldosterone 
JSuIphasomidine 
'd'r i cvclamol chloride 
E> iiodohydroxy- 
quinoline 

Piperazine adipate 
Oiloxanide 
Phenytoin sodium 
TL'ocopheryl acetate 
1 -(3 : 4-dihydro- 
xyphenyI)-2- 
methylami noethane 
Phenytoin sodium 
ZVIeprohamate 
Ergometrine maleate 
Erythromycin 
]\IcrsalyI 
rVIeprochoI 
Penethamate hydrio- 
didc 

Iophendylate 

Pholcodine 

Diethylcarbamazine 

Decamethonium 

iodide 

Atropine methyl- 
nitrate 

IEucatropine hydro¬ 
chloride 
Aminophyllinc 
_ J \ r - ethyl-o-crotono- 
toluide 

Azo van l^ ,ue 


J-Iexobarbitone 


Ergotamine tartrate 
Perph cnaz * nc . ... 

^Jallamine triethiodide 
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Flexin 

Zoxazolamine 

Fluothane 

Halothane 

Folvite 

Folic arid 

Formo- 

Formaldehyde-sul- 

Cibazol 

phathiazole 

Forthane 

1:3-dimethylpentyl- 
amine 

Fouadin 

Sribophen 

Fourncau 309 

Suramin 

Fourneau 933 

Piperoxan 

Furacin 

Nitrofurazone 

Furadantin 

Nitrofurantoin 

Furmethide 

Furtrethonium iodide 

Furoxone 

Furazolidone 

Gantriain 

Sulphafurazole 

Gardenal 

Phenobarbitone 

Gemonil 

Metharbital 

Gcnasprin 

Acetylaalicylic acid 

Genophyllin 

Aminophylline 

Germanin 

Suramin 

Gestone 

Progesterone 

Gcatone-oral 

Ethiaterone 

Gnamide 

Sulphaguanidine 

Guanatol 

Proguanil 

Gyncrgcn 

Ergotamine tartrate 

Gynocatryl 

Oeatradiol 

Helmezine 

Piperazine citrate 

Heptalgin 

Phenadoxone 

Heroin 

Diamorphine hydro¬ 
chloride 

Hetrazan 

Diethylcarbamazine 
dihydrogen citrate 

Hexachloro- 

phene 

Hexachlorophane 

Hexathide 

Hexamethonium 

iodide 

Hibitane 

Chlorhexidine 

Histantin 

Chlorcyclizine 

Hiatoatab 

Antazoline 

Holocaine 

Phenocaine 

Hydeltra 

Prednisolone 

Hydralazine 

Hydrallazine 

Hydrocortone 

Hydrocortisone 


Hypaque 

Sodium diatrizoate 

Ilotocin 

Erythromycin 

Indalone 

Butopyronoxyl 

Inaomnol 

Methylpentynol 

Intraval 

Thiopentone 

Invenol 

Carbutamide 

Inveraine 

Mecamylamine hydro 


chloride 

Iodohexamidine 2-iodo-4:4'-diami 


dino-a£-diphen- 

oxyhexane 


Ipral 

Probarbital 

Iaupren 

Iaoprenaline sulphate 

Itrumil 

Iodothiouracil 

Iveraal 

Ambazone 

Jetrium 

Dextromoramide 

Kapilon 

Menaphthone 

Kapilon-oral 

Acetomenaphthone 

Kapilon-aoluble Menadoxime 

Kemadrin 

Procydidine hydro¬ 
chloride 

Kemithal 

Thialbarbitone 

Ketodeatrin 

Oeatrone 

Kharophen 

Acetaraol 

Kolton 

Piprinhydrinate 

Konakion 

Phytomenadione 

Lanoxin 

Digoxin 

Lapudrine 

Chlorproguanine 

Largactil 

Chlorpromazine 

hydrochloride 

Larocaine 

3-diethylamino-2:2- 
dimethylpropyl 
p-aminobenzoate 

Laudoliaain 

Laudexium methyl- 
sulphate 

Lederkort 

Triamcinolone 

Lederkyn 

Sulphamethoxy- 

pyridazine 

Lergine 

Tricyclamol chloride 

Lethidrone 

Nalorphane hydro¬ 
bromide 

Leucaraone 

Carbarsone 

Leukaran 

Chlorambucil 
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Levodromoran Levorphanol 



f (—)-Noradrenaline 

Levophed 

< bitartrate 
l. Levarterenol 

Levorphan 

Levorphanol 

Lipolutin 

Progesterone 

Lissephen 

Mephenesin 

Longifene 

Buclizine hydro¬ 
chloride 

Lorexane 

Gamma benzene 
hexachloride 

Luminal 

Phenobarbitone 

Luteostab 

Progesterone 

Lutocyclin 

Ethisterone 

Lutren 

Progesterone 

Lynoral 

17-Ethinyloestradiol 

Lysivane 

Ethopropazine 

hydrochloride 

Lytensium 

Pentamethonium 

bromide 

M & B 693 

Sulphapyridine 

Magnamycin Carbomycin 

Malazol | 

► Aloxidone 

Malidone J 

Mandelamine Hexamine mandelate 

Mapharside 

Oxophenarsine hydro 
chloride 

Marfanil 

^ Maphenide 

Marprontil j 

Marsilid 

1 -nicotinyl-2-iio- 
propylhydrazine 

Marzine 

Cyclizine hydro¬ 
chloride 

Matromycin 

Oleandomycin 

Mebaral 

Methylphenobarbi- 

tone 

Mecholyl 

Methacholine 

chloride 

Mecothane 

carbaminoyl-y5- 

methylcholine 

Medrol 

6-methyl-zl 1 -hydro- 
cortisone 

Megacillin 

Clemizole penicillin 

Megaphen 

Chlorpromazine 


hydrochloride 


Megimide 

Memine 
Mepedyl 
1VI epharse 


r 1 


MepHine 

Mephyton 

Meratran 

Merbentyl 

Mercazole 

Mercloran 

Mercuhydrin 

Mercurocol 

^lercuzarithin 

Merphenyl 

rphyllm 

rrthiolatt: 



IVI« 

ivr< 

- 

TVletap 114 . 



ro- 


Bemegride 
Pholcodine 
Piprinhydrinate 
Oxophenarsine hydro¬ 
chloride 

IVIephentermine 
Pliytomenadione 
Pipadrol hydro¬ 
chloride 

Pentyl hydrochloride 
IVIethimazoIe 
Chlormerodrin 
IVleralluride 
IV' I e r c u rochro m e 
]\ lercurophylline 
sodium 

Phenylmercury 

nitrate 

IVlersalyl 

Thiomersalate 

Pyridostigmine 

bromide 

-Prednisone 


Prednisolone 


Prednisone 

IVI ethyltcst oste rone 

islitromersol 

IVlethylamphet- 

amine 

IVlethylergometrine 

tartrate 

Promethoestrol 
I lyoscine metho- 
bromide 





prednisone 
prednisolone 
JVlethyldihydro- 
ae morphinone hydro¬ 
chloride 
f I^eptazol 

-S p> en tylenetetrazole 

‘-^methyltubocurar.ne 
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Mctycainc 

Piperocaine hydro¬ 
chloride 

Mcvasinc 

Mecamylamine 

hydrochloride 

Mictinc 

Aminometradine 

MUibia 

Bismuth glycollyl- 
arsanilate 

Milontin 

Phensuximide 

Miltown 

Meprobamate 

Miracil D 

Lucanthone hydro¬ 
chloride 

Mitigal 

Mesulphen 

Monacrin 

Aminacrine hydro¬ 
chloride 

Monocainc 

Butethamine 

Monodral 

Penthienate metho- 
bromide 

Monomestrol 

Stilboestrol mono¬ 
methyl ether 

Moryl 

Carbachol 

Muracil 

Methylthiouracil 

Myaneain 

Mephenesin 

Mybasan 

Isoniazid 

Mycostatin 

Nystatin 

Mydriasin 

Atropine methyl- 
bromide 

Mylcran 

Busulphan 

Myocrisin 

Gold sodium thioma- 
late 

Myodil 

Iophendylate 

Mysoline 

Primidone 

Myvizonc 

Thiacetazone 

Nadiaan 

Carbutamide 

Nallcnc 

Nalorphine 

Naphuridc 

Suramin 

Nembutal 

Pentobarbitone 

Neo-Antergan 

Mepyramine hydro¬ 
gen maleate 

Neod renal 

Isoprenaline sulphate 

Neo-Epininc 

Isoprenaline sulphate 

Neo-Halarsine 

Oxophenarsine 

tartrate 

Neo-Hetramine Thonzylamine 

Neo-Hombreol Testosterone pro¬ 
pionate 


Nco-Hombrcol Methylteatosterone 


M 


Neohydrin 

Chlormerodrin 

Neo-Iopax 

Sodium iodometha- 
mate 

Neolin 

Benzathine penicillin 

Neomercazole 

Carbimazole 

Neonal 

Butobarbitone 

Neopenyl 

Clemizole penicillin 

Neophrin 

Phenylephrine hydro¬ 
chloride 

Neostam 

Stibamine glucoside 

Neostibamine 

Ethylstibamine 

Neostibosan 

Diethylammonium 

p-stibanilate 

Neosynephrine Phenylephrine hydro 

chloride 

Neotropin 

Butyloxydiaminoazo- 

pyridine 

Nepresol 

Dihydrallazine 

Neptal 

Mercuric salicyl- 
aminoacetate 

Neumandrin 

Isoniazid 

Neustab 

Thiacetazone 

Niacinamide 

Nicotinamide 

Niagrin 

Nicotinamide 

Nicamide 

Nikethamide 

Nicetal 

Isoniazid 

Nilergex 

Isothipendyl 

Nilevar 

Norethandrolone 

Nilodin 

Lucanthone hydro¬ 
chloride 

Nirvanol 

5-Ethyl-5 -phenyl- 
hydantoin 

Nisentil 

Alphaprodine hydro¬ 
chloride 

Nivaquine 

Chloroquine sulphate 

Noludar 

Methyprylone 

Norlutin 

Norethisterone 

Noatal 

5-wopropyl-5-bromo- 

allylbarbituric 

add 

Notensil 

Acepromazine 

maleate 

Novacrysin 

Gold sodium thio¬ 
sulphate 
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Novalgin 


Novatophan 

Novatropine 

Novocaine 

Nupa-sal 

Nupercaine 

Nydrane 

Nydrazid 

Oblivon 

Oenethyl 

Oparin \ 
Opacol J 
Oraluton 
Orarsan 
Oreton 

Oreton M 

Orinase 

Ortal 

Orthoform 

Orthoxine 

Ostreocin 

Ovocyclin 

Ovostab 

Oxylan 

PABA 

PAS 

P.I.D. 

Pabestrol 

Pacatal 

Paludrine 

Pamine 

Panadol 

Pantocaine 


Sodium phenyldi- 
methylpyrazole 
methylamino- 
methanesulphonate 
Methyl phenyl- 
cinchoninate 
Homatropine methyl- 
bromide 
Procaine hydro¬ 
chloride 
Salinazid 
Cinchocaine 
Beclamide 
Isoniazid 

Methylpentynol 

2-methylamino- 

heptane 

Iodophthalein 

Ethisterone 
Acetarsol 
Testosterone pro¬ 
pionate 

Methyltestosterone 
Tolbutamide 
Hexethal 
Orthocaine 
Methoxyphenamine 
Ostreogrycin 
Oestradiol 
Oestradiol mono¬ 
benzoate 
Diphenan 

p-Aminobenzoic acid 
/•-Aminosalicylic acid 
Phenylindione 
Stilboestrol dipro¬ 
pionate 
Mepazine 
Proguanil 
Hyoscine metho- 
bromide 
Paracetamol 
Amethocaine 


Pantopaque 
Paradione 
Parami sa n 
Pared ri ne 
Parpanit 


Pelentan 

Pellidol 

Peloninam i cie 
Pendiomi ci e 

Penidural 

Pentostam 

Pen tothal 
Perabrodi 1 



n (o 


ra 


Perazil 


Perdilatal 


Perolys en 


phanodorm 

phemerid e 

phemer® 1 

chloride 


} 


phenoxe 

phenu 


tol 


rone 



phy s 


Pip a 


don® 


Iodophendylate 
Paramethadione 
4-aminosalicylic acid 
HI ydroxyamphetamine 
Caramiphen hydro¬ 
chloride 
Ethotoi n 

Ethyl biscoumacetate 
Diacetylaminoazo- 
toluene 
TV icotinamide 
Azamethonium 
bromide 

Benzathine penicillin 
Sodium stibogluco¬ 
nate 

Thiopentone 

Diodone 

Testosterone propio¬ 
nate 

1 ) ]\ I ethyl testosterone 

Chlorcyclizine hydro¬ 
chloride 

Deoxycortone acetate 
Xiuphenine hydro¬ 
chloride 

Pentaerythritol 

tetranitrate 
Benzathine penicillin 
Pempidine 

3 - 3 -diethyl-^ • 

dioxo-1 : 2 - A. 

tetrahydropy rl 

CTyclobarbitone 

Benzethonium 

chloride 

Promethazine hydro 

chloride 

phenoxyetb an ° 

phenaceniide 

X^bolcdrine 

I^eptazol 

jVlcthadone 

j^ipipanone 

Benzhexol 


Pip atv 


ol 
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Piptal 

Pipenzolate metho- 


bromide 

Piriton 

Chlorpheniramine 

Planocaine 

Procaine 

Planoform 

Butyl aminobenzoate 

Plaquenil 

Hydroxychloroquine 

Plasmoquin 

Pamaquine 

Pontocaine 

Amethocaine 

Presidal 

Pentacynium methyl- 


sulphate 

Primolut N 

Norethisterone 

Priodax ^ 

f Iodoalphionic acid 

L Pheniodol 

Priscol 

Tolazoline hydro¬ 


chloride 

Privinc 

Naphazoline nitrate 

Pro-Banthine 

Propantheline 

bromide 

bromide 

Probarbital 

5-ethyl-5-iropropyl- 


barbituric acid 

Probenecid 

p-(di-»-propylsulph- 


amyl)benzoic acid 

Prodexin 

Aluminium glycinate 

Progestoral 

Ethisterone 

Progynon B 

Oestradiol benzoate 

Progynon DH 

Oestradiol 

Progynon DP 

Oestradiol dipropio¬ 


nate 

Prokayvit 

Menaphthone 

Prokayvit (oral) Acetomenaphthone 

Proluton 

Progesterone 

Proluton C 

Ethisterone 

Promin 

Glucosulphone 

Prominal 

Methylphenobarbi- 


tone 

Promizole 

4-aminophenyl-2'- 


amino-5'-thiazolyl- 

sulphone 

Pronestyl 

Procaine amide 

Prontosil album Sulphanilamide 

Prontosil 

disodium salt of 4 # - 

soluble 

sulphonamido- 


phenylazo-7-acetyl 
amino* 1 -hydroxy- 
naphthalene-3 : 6- 
disulphonic acid 


Propacil 

Propadrine 

Propamidine 


Propazone 


Proponesin 

Proscopine 

Proseptasine 

Prostigmine 
Puri-nethol 
Pycazide 
Pyelectan 
Pyelosil \ 
Pylumbrin f 
Pyribenz- 
amine 
hydro¬ 
chloride 
Pyridium 


Pyrrolazote 

Quinacrine 

Quinacrine 

(soluble) 

Quinophan 

Quinoxyl 

R 875 
Rastinon 


Rimifon 

Ritalin 

Rivanol 

Roccal 


Propylthiouracil 
Phenylpropanolamine 
hydrochloride 
4:4-diamidino-ota>- 
diphenoxypropane 
di-(/3-hydroxy- 
ethanesulphonate) 
3-methyl-5 :5-di- 
propyloxazolidine- 
2 :4-dione 
Tolpronine hydro¬ 
chloride 
Poskine 

p-benzylaminobenz- 

enesulphonamide 

Neostigmine 

Mercaptopurine 

Isoniazid 

Iodoxyl 

Diodone 

” Thenyldiamine 
hydrochloride 
Tripelennamine 
w hydrochloride 
3-phenylazo-2:6- 
diaminopyridine 
hydrochloride 
Pyrathiazine 

Mepacrine hydro¬ 
chloride 

Mepacrine methano- 
sulphonate 
Cinchophen 
Chiniofon 

Dextromoramide 

A r -(4-methylbenzene- 

sulphonyl)-iV'- 

butylurea 

Isoniazid 

Methyl phenidate 
Lactoacridine 
Benzalkonium 
chloride 
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Rogitine 

Phentolamine 

Rolicton 

Amisometradine 

Romicil 

Oleandromycin 

Ronicol 

Nicotinyl alcohol 

Rovamycin 

Spiromycin 

Rutonal 

S-methyl-5-phenyl- 
barbituric acid 

Salvarsan 

Arsphenamine 

Salyrgan 

Mersalyl 

Sandoptal 

5-irobutyl-5-phenyl- 
barbituric acid 

Sandosten 

Thenalidine tartrate 

Sanocrisin 

Gold sodium thio¬ 
sulphate 

Santoflex AW 

6-ethoxy-2 : 2 : 4- 
trimethyl-1 : 2- 
dihydroquinoline 

Santoquine 

Chloroquine 

Scoline 

Suxamethonium 

chloride 

Scuroform 

Butyl aminobenzoate 

Seconal 

Secobarbital 

Secresteron 

Dimethysterone 

Sedormid 

5-allyl-5-«opropyI- 
barbituric acid 

Seroden 

Thiacetazone 

Serpasil 

Reserpine 

Sethodil 

Sulphaethidole 

Sinthrome 

Nicoumalone 

Skiodan sodium Methiodal sodium 

Soframycin 

Framycetin 

Solganal 

Aurothioglucose 

Soluseptasine 

Sulphasolucin 

Solustibosan 

Sodium stibo¬ 
gluconate 

Somnesin 

Methylpentynol 

Soneryl 

Butobarbitone 

Spirocid 

Acetarsol 

Spontin 

Ristocetin 

Staticin 

Caronamide 

Stemetil 

Prochlorperazine 

dimaleate 

Stenediol 

Methylandrostene- 

diol 

Steramide 

Sulphacetamide 


Sterisil 

Stimatone 

Stipolac 

Stovaine 

Stovarsol 
Streptoni vie i n 
Styrion 
Suavitil 


Sucaryl 
Sudermo 
S ulamy d 

Sulfamilon 

Sulpharsenol 

Sulpha- 

methazine 

Sulpha- 

mezathine 
Sulpharsan 


1 


J 


liexetidinc 
F*holedrine 
lodophthaleiti 
Amylocainc hydro¬ 
chloride 
Acctarsol 
N ovobiocin 
Poly ami nostyrene 
Benactyzinc hydro- 
chloride 

Cyclamate sodium 
IV I csulphen 
Sulphacetamide 
IV Iaphenide 
S u 1 p ha rs phenamine 

Sulphadimidine 


me 


me 


Sulphathalid 1 


Sulpnen 

Sulphostah 

Suprarenalm y, 

Surfacaine V 

Surfathesin -J 

Surital 
Sympa thin 
Symp ato1 


1ST 


Syncurine 

Synopen 

Synte^rir* 

Synthovo 

syn tocin " 

S yntroP» n 


Sulpharsphenaminc 

Soccinylsulphathia- 

zole 

Phthalylsolphathia- 

zole 

Solapsone 

Sulpharsphenarmne 

yVdrenali ne 

Cyclonic thy caine 

sulphate 

Thiamylal 

Noradrenaline 
Phenylephrine h> 

chloride 

pecamethonium 

iodide hydro- 

Halopyram ine j 
chloride 

Stilhoestrol dip r ° 
pionate 

H«o«tn>l tic) 

1 of 3' di ' 
-2 = 2' 
and 


Oxytocin 
phosphate 

ethylamino- 

dimethylp r °P' 


ester of trop' c 


ac» 


id 
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TACE 

Chlorotrianisene 

TEM 

Tretamine 

TEPP 

Tetraethyl pyro¬ 
phosphate 

Tapazole 

Methimazole 

Telepaque 

Iopanoic acid 

Temparin 

Dicoumarin 

Tenoraial 

Pempidine 

Tensilon 

Edrophonium 

chloride 

Teoquil 

Hedaquinium 

chloride 

Terramycin 

Oxytetracycline 

Tertroxin 

Liothyronine sodium 

Testoviron 

Methyltestosterone 

Tetracyn 

Tetracycline 

Thalistatyl 

Phthalylsulphathiazole 

Theelin 

Oestrone 

Theelol 

Oestriol 

Themalon 

Diethylthiambutene 

Thenylene 

Methapyrilene 

Theocin 

Theophylline 

Thephorin 

Phenindamine hydro¬ 
gen tartrate 

Theruhistin 

Isothipendyl 

Thiantoin 

Phethenylate 

Thiazamide 

Sulphathiazole 

Thio-Bismol 

Bismuth sodium thio- 
glycollate 

Thiomerin 

Mercaptomerin 

sodium 

sodium 

Thiomersalate 
Thioparami- 'j 

Thiomersal 

I 

zone 

Tibione J 

>Thiacetazone 

Thorazine 

Chlorpromazine 

hydrochloride 

Tolserol 

Mephenesin 

Tolysin 

Neocinchophen 

Topocaine 

Cyclomethycaine 

Tozocide 

6'-(4-quinaldyl- 
amino)hexyl-4- 
aminoquinaldinium 
iodide hydriodide 

Trafuril 

tetrahydrofurfuryl- 
nicotinic acid ester 


Trasentin H 

Adiphenine 

Triazole 

Hexazole 

Trichlorad 

Acinitrazole 

Tridione 

Troxidone 

Triethano- " 
melamine 

► Tretamine 

Triethylene- 

melamine „ 


Trilafon 

Perphenazine 

Trilene 

T richloroethy lene 

Trimeton 

Prophenpyridamine 

Triostam 

Sodium antimonyl 
gluconate 

Triphal 

Sodium aurothio- 
benziminazole 
carboxylate 

Tromexan 

Ethyl biscoumacetate 

Trophenium 

Phenactropinium 

Tuamine 

Tuaminoheptane 

Tubarine 

(4- )-T ubocurarine 
chloride 

Tubomel 

Isoniazid 

Tutocaine 

3-dimethylamino- 
1 :2-dimethyl- 
propyl ^-amino- 
benzoate 

Ultracorten 

Prednisone 

Urecholine 

Bethanicol chloride 

chloride 

Uriodone 

Diodone 

Urolucosil 

Sulphamethizole 

Uropac 


Uroselectan B 

►Iodoxyl 

Urumbrin 


Vallestril. 

Methallenoestril 

Valmid \ 

Ethinamate 

Valmidate J 

Vancosin 

Vancomycin 

Vasylox 

Methoxamine hydro¬ 
chloride 

Vazadrine 

Isoniazid 

Vegolysen 

Hexamethonium 

bromide 
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Vegolysen T 

Hexamethonium 

Wyovin 

Veritain \ 
Veritol / 

tartate 

Pholedrine 

Veronal 

Barbitone 

Xeroform 

Viadril 

Hydroxydione sodium 

Xylocaine 


succinate 

Vibazine 

Buclizine hydro¬ 


Vinesthene 

chloride 

Yatren 

Vinyl ether 

Viocin 

Viomycin 


Vioform 

Iodochlorhydroxy- 

Zactane 


quin 

Zanchol 

Vonedrine 

Phenylpropylmethyl- 

Zephi ran 


amine 


Dicyclomine hydro¬ 
chloride 


Bismuth tribromo- 
phenate 
Lignocainc 


C hiniofon 

Et hoheptazine 
Floranty ro n e 
Benzalkonium 
chloride 


Index 


For proprietary names of drugs see Appendix II (p>. 396), but a 
few drugs that are described in the text under proprietary 
names are also included in the index. OfTic itil t,r ; i p p r o v e c i names 
of drugs that are not described im *:lr*«e text will be found in 
Appendix I (p. 369). 

When more than one references to a subject is en the more 

important is printed in bold type. 


Acetazolamide, 171 
Acetomenaphthone, 356 
Acetomeroctol, 113 
Acetophenetidin, 40 
Acetylsalicylic acid, 39 
Aconite alkaloids, 263 
Aconitine, 263 
Acridine derivatives, 123 
Acriflavine, 123 
ACTH, 314 

Adiphenine (see Trasentin H) 
Adrenal cortical hormones, 290 
Adrenaline, 66, 308 
Adrenergic blocking agents, 74 
Agar, 361 
Aldosterone, 303 
Alkaloids, 197 

definition of, 197 
detection of, 198 
extraction of, 198 
glycosidal, 198 
steroidal, 198, 260 
Allobarbitone, 18 
Aloe-emodin, 362, 363 
Aloes, 363 
Aloxidone, 30 
Alphaprodine, 34 
Ambucetamide, 80,86 
Amethocaine, 55, 58 
Amidopyrine, 42 
Aminacrine, 125 
Aminophylline, 273 
Aminopyrine, 42 
4-Aminosalicylic acid, 130 
Amiphenazole, 191 
Amithiozone, 132 
Amodiaquine, 152 
Amphetamine, 70 
Amydricaine, 55 
4-Amyl-m-cresol, 110 
Amylene hydrate, 26 
Amylobarbitone, 18 
Amylocaine, 55 


Anaesthetics, 54 

general, b — 
local, 5*4- 

\naleptics, 1 
Vnalgesics, 
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Atropamine, 237, 238 
Atropine, 237, 238, 242 
hydrobromide, 244 
hydrochloride, 244 
methylbromide, 244 
sulphate, 242 
Auramin, 120 

Autonomic blocking agents, 91 
Azacyclonal, 46, 51 
Azovan blue, 177 


Bactericides, 107 
Bacteriostats, 107 
Barbaloin, 363 
Barbital, 18 
Barbitone, 18 
Barbiturates, 16, 27 

very short acting, 24 
Barbituric acid, 16 
Belladonnine, 237, 238 
Bemegride, 25, 190 
Benactyzine, 46, 51 
Benzalkonium chloride, 121 
Benzathine penicillin, 323 
Benzestrol, 164 
Benzethonium chloride, 122 
Benzhexol, 46, 79, 84 
Benzocaine, 56 
Benzoyl ecgonine, 253 
Benzylpenicillin, 319, 320 
Betaprodine, 34 
Brilliant green, 125 

Bromazine (see Bramodxphenhydrcanine) 

Bromodiphenhydramine, 102 

Brucine, 218 

Butabarbital, 18 

Butacaine, 55, 59 

Butalithone, 24 

Butamin, 55 

Butethamine, 55 

Butobarbitone, 18 

Butyl 4-aminobenzoate, 57 


Caffeine, 271 
Calciferol, 351 
Captodian, 50 
Caramiphen, 79, 81 
Carbetapentane, 192 
Carbolic acid, 108 
Carbromal, 15 

Cardioactive glycosides, 276, 284 
Cascara sagrada, 363 
Cephaeline, 247, 250 
Cetrimide, 121 

Cetylpyridinium chloride, 121 
Chairamidine, 219 
Chairamine, 219 
Chenopodium oil, 366 
Chloral hydrate, 25 
Chloramine, 126 
Chloramphenicol, 318, 324 


Chlorbutol, 26 
Chlorcyclizine, 101 
Chlorguanide, 151 
Chlorhexidine, 127 
Chlormerodrin, 169 
Chloroazodin, 127 
Chlorocresol, 112 
Chloroform, 64 
Chloropyrilene, 100 
Chloroquine, 144, 147 
Chlorothiazide, 172 
Chlorotrianisene, 165 
Chloroxylenol, 112 
Chlorpheniramine, 104 
Chlorpromazine, 48 
Chlortetracycline, 319, 326 
Cholecalciferol, 351 
Cholesterol, 284 
Choline theophyllinate, 273 

Chondrodendron tomentotum, 
Chrysophanic acid, 362 
Cinchamidine, 219 
Cinchocaine, 61 
Cinchona alkaloids, 219 
‘Febrifuge’, 229 
Cinchonamine, 219 
Cinchonicine, 219, 228 
Cinchonidine, 219, 220, 226 
Cinchonine, 219, 220, 226 
Cinchophen, 43 
Cinchotine, 219, 227 
Cinnamyl cocaine, 253 
Claviceps purpurea , 230 
Cobalamins, 337, 346 
Coca alkaloids, 253 
Cocaine, 253 

hydrochloride, 256 
Codamine, 201, 213 
Codeine, 201, 210 
Colchicine, 258 
Colchicum alkaloids, 258 
Conchairamidine, 219 
Conchairamine, 219 
Concusconine, 219 
Congo red, 177 
Conquinamine, 219 
Comutine, 230 
Corticotropin, 314 
Cortisol, 302 
Cortisone, 284, 290 
Creosote, 110 
Cresol, 109 
Cryptopine, 201, 214 
Crystal violet, 126 
Cupreine, 219, 220, 227 
Curare, 88, 251 
Curare alkaloids, 251 
Curines, 251 
Cuscamidine, 219 
Cuscamine, 219 
Cusconidine, 219 
Cusconine, 219 
Cyanooobalamin, 347 


251 
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Cyclobarbital, 20 
Cyclobarbitone, 18, 20 
Cyclocoumarol, 175 
Cyclopentamine, 67, 72 
Cyclopropane, 64 
Cymarin, 280 
Cymarose, 281 


Diphenhydramine, 96, 102 
Diphenylhydantoin, 28 
Disulphiram, 191 
Diuretics, 1 68 
Uomip hen bromide, 122 
Doxylaminc, 102 
Ow b orjiVi spp., 2 37 
Dyestuffs, antiseptic, 125 


Dapsone, 133 
Datura, spp., 237 
Deacetyldigilanides, 277 
Deoxyadrenaline, 66 
Deoxycholic acid, 298 
Deoxycortone, 303 
Deoxyephedrine, 71 
Dequalinium chloride, 122 
Dexamphetamine, 71 
Dextran sulphate, 176 
Dextromethorphan, 37 
Diacetoxydiphenylisatin, 189 
Diagnostic agents, 177 
2 : 7-Diaminoacridine, 124 
Diamorphine, 203, 207 
Dibenzylaminoethyl chloride, 75, 177 
Dibucaine, 61 
Dicinchonine, 219 
Diconquine, 219 
Dicoumarol, 174 
Dienoestrol, 163 
Diethazine, 80, 85 
Diethyl ether, 62 
Diethylcarbamazine, 156 
Diethylstilboestrol, 162 
Digicorin, 279 
Digilanides, 277, 280 
Diginose, 277 
Digiproside, 279 
Digitalein, 277 
Digitalin, 277, 280 
Digitaline crystalline, 277, 279 
Digitalinum verum, 277, 280 
Digitalis glycosides, 277 
colour tests for, 279 
Digitalose, 276 
Digitonin, 277 
Digitoxin, 277, 279 
Digitoxose, 277 
Digoxin, 279 
Dihydrocodeinone, 209 
Dihydromorphinone, 208 
Dihydrostreptomycin, 324 
Dimenhydrinate, 102 
Dimethylhexoestrol, 164 
Dimethyl (2-N-methyIdodecanamido- 

ethyljphenylcarbamoylmethyl 
chloride, 123 ' 

Dimidium bromide, 140 
Dioctyl sodium sulphosuccinate, 189. 361 
Diodone, 179 
Diosgenin, 298 
Diperodon, 62 
Diphenan, 155 


91 , 177 


Ecboline, 2 30 
Ecgon i i"»e , 2 54 
Ectylurea, 3 2 
Edrophonium chloridi 
Emetamine , 2 * 4-"7 

Emetine, 247 , 248 

bismuth iodide, 2 50 
hydrochloride, 250 
Emicymarin, 280 
Ephedra alkaloids, 264 
Ephedrine. 66, 2 .65 

hydrochloride, 2oo 
sulphate, 266 

Epinephrine 

Ergobasine. 230 

E rsocatofero. 3 » 1 232 23 S 

’ 2 3 1. 23 2, 235 
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Formaldehyde, 107 
Frangula, 364 
Frangula emodin, 362, 363 


Gallamine, 89 
Gentian violet, 126 
Gitalin, 277 
Gitonin, 277 
Gitorin, 279 
Gitoxin, 277 
Glucoscillaren A, 282 
Glucose, 276 
Glutethimide, 25 
Glycosidal drugs, 275 
Glycosides, 275 
Gnoscopine, 202 
Guaiacol, 111 
Guarana, 271 
Gulomethylose, 277 


Halazone, 126 
Hecogenin, 298 
Hellebore alkaloids, 260 
Heparin, 174, 367 
Hexachlorophane, 112 
Hexacyclium methylsulphate, 80, 87 
Hexamethonium chloride, 93 
iodide, 93 
salts, 92 
tartrate, 93 
Hexamine, 107 
Hexestrol (see Hexoestrol ) 

Hexethal, 18 

Hexobarbital (see Hexobarbitone) 
Hexobarbitone, 18, 21 
Hexoestrol, 161 
Hexylcaine, 60 
Hexylresorcinol, 110 
Histamine, 95 
Holarrhena alkaloids, 260 
Homatropine, 245 
Homocinchonidine, 219 
Hormones, adrenal cortical, 290 
non-steroid, 308 
steroid, 284 
Hydantoins, 27, 28 
Hydrallazine, 75 
Hydrocinchonidine, 220, 227 
Hydrocinchonine, 220, 227 
Hydrocortisone, 302 
Hydrocotamine, 201 
Hydroergotinine, 230 
Hydroquinidine, 220, 227 
Hydroquinine, 220, 226 
Hydroxyamphetamine, 66, 68 
Hydroxymethocaine, 55 
Hydroxypethidine, 34 
Hydroxyprocaine, 55 
Hygrines, 237 
Hyoscine, 237, 238, 244 
hydrobromide, 244 


Hyoscyamine, 237, 238, 244 
sulphate, 244 
Hyascyamus spp., 237 
Hypnotic antagonists, 190 
Hypnotics, 15 
Hypophamine, 314 


Ignatius beans, 215 
Indigocarmine, 177 
Insulin, 311 
globin, 313 
isophane, 313 
N.P.H., 313 
polylysine, 313 
protamine zinc, 313 
surfen, 313 
zinc suspension, 313 
Iodised oil, 178 
Iodoalphionic acid, 180 
Iodophthalein, 178 
Iodoxyl, 180 
Iopanoic acid, 181 
Iophendylate, 181 
Iophenoxic acid, 182 
Ipecacuanha alkaloids, 247 
Isoniazid, 132 
Isoprenaline, 66, 67 
Isopropylarterenol, 67 
Isoproterenol, 67 


Javanine, 219 
Jervine, 261 


Kaempferol, 362 
Ketobemidone, 34 
Kola, 27i 


Lachesine chloride, 79, 81 
Lactoflavin, 338 
Lanatosides (see Digilamdes ) 
Lanthopine, 201 
Larocaine, 55 
Laudanidine, 202 
Laudanine, 201, 213 
Laudanosine, 201, 213 
Leptazol, 186 
Levallorphan, 37 
Levomethorphan, 37 
Lidocaine, 61 
Lignocaine, 61 
Lobelia alkaloids, 270 
Lobeline, 270 
Lucanthone, 157 
Lysergic acid, 232 


Malachite green, 120 
Male fern, 365 
Meconidine, 201 
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JVIandragora offidnarum, 237 
JVIelarsen oxide, 138 
Melarsoprol, 137 
IVfenadiol diacetate, 356 

sodium diphosphate, 355 
Menadione, 355 
Menaphthone, 355 
Mepacrine, 144, 149 
Mepazine, 50 
Meperidine, 32 
Mephenesin, 46, 47 
Meprobamate, 47 
Mepyramine, 96, 97 
Meralluride, 169 
Mercaptomerin sodium, 170 
Mercumatilin, 170 
Mercurophylline, 170 
Mercury compounds, 113 
Mersalyl, 168 
Meteloidine, 237, 238 
Methadol, 35 
Methadone, 34 
Methadyl acetate, 35 
Methamphetamine, 66, 71 
Methanthelinium bromide, 79, 83 
Methaphenylene, 98 
Methapyrilene, 99 
Methimazole, 188 
Methiodal sodium 179 
Methioturiate, 24 
Methoin, 29 
Methorphinan, 36 
Methoxamine, 66, 70 
M ethoxy phenamine, 66, 72 
Methyl propyl ether, 63 
Methyl violet, 120 
Methyldihydromorphinone, 209 
Methylene blue, 126 
N -Methyl ephedrine, 264 
Methylergometrine tartrate, 234 
Methylhexaneamine, 67, 73 
Methvlpentynol, 47 
Methylphenidate, 51 
Methylphenobarbitone, 18, 20, 27 
O-Methylpsychotrine, 247 
Methyltestosterone, 286, 293 
Methylthiouracil, 188 
Morphine, 201, 203 
hydrochloride, 207 
sulphate, 207 
tartrate, 207 

Mustine hydrochloride, 192 


Nalorphine, 190, 209 
Naphazoline, 67, 73 
Narceine, 201, 212 
Narcotine, 201 ,211 
Narcotoline, 201 
Neoarsphenamine, 137 
Neocinchophen, 44 
Neomycin, 328 
Neopine, 201,211 


Neostigmiir»e, 90, 177 

Neuromuscular blocking agents, 89 
antagonists of, 89 
Niacin, 3-4-3 
Niacinamide, 3-4-4 
Nicotinamide, 337, 3-44 
Nicotinic acid, 337, 343 
Nikethamide, 186 
Nitrous oxide, 64 
Non-steroid hormonw, 
Noradrenaline, oo, 
Norephedrine, €>9 
Norepinephrin 
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Phenadoxone, 35 
Phenazone, 41 
Phenindamine, 105 
Phenindione, 175 
Pheniodol, 178, 180 
Phenobarbital (see Phenobarbitone) 
Phenobarbitone, 18, 19, 27 
Phenol, 108 
Phenol red, 177 
Phenolphthalein, 189 
Phenoltetraiodophthalein, 178 
Phenoxymethylpenicillin, 319, 321 
Phentolamine, 74, 177 
Phenylbutazone, 44 
Phenylephrine, 66, 68 
Phenylindanedione, 175 
Phenylmercury acetate, 113 
nitrate, 113 

Phenylpropanolamine, 66, 69 
Phenylpropylmethylamine, 66, 71 
Phenytoin, 28 
Pholcodine, 210 
Pholedrine, 66, 68 
Phthalylsulphathiazole, 120 
Physostigma alkaloids, 269 
Physostigmine, 269 
Phytomenadione, 353 
Picropodophyllin, 364 
Picrosclerotine, 230 
Picrotoxin, 367 
Pipadrol, 46, 50 
Piperazine adipate, 158 
Piperocaine, 55, 60 
Piperoxane, 177, 183 
Podophyllotoxin, 364 
Podophyllum, 364 
Polymyxin B, 328 
Pomegranate alkaloids, 266 
Porphyroxine, 201 
Prednisolone, 305 
Prednisone, 305 
Primaquine, 153 
Primidone, 27 
Probarbital, 18 

Procainamide hydrochloride, 193 
Procaine, 55, 58 
Procaine penicillin, 322 
Prochlorperazine, 50 
Procyclidine, 79, 85 
Proflavine, 124 
Progesterone, 286, 290, 298 
Proguanil, 151 
Promazine, 50 
Promethazine, 46, 100 
Promethoestrol, 164 
Prontosil, 114 

Propantheline bromide, 79, 84 
Prophenpyridamine, 103 
Proprietary names, 396 
Propyliodone, 180 
Propylthiouracil, 188 
Proscillaridin A, 282 
Protopine, 201, 214 


Pseudoephedrine, 264 
Pseudolaudanine, 213 
Pseudomorphine, 201 
Pseudopellctierine, 267 
Psychotrine, 247 
Psyllium, 361 
Pteryolglutamic acid, 344 
Purgatives, natural, 361 
synthetic, 189 
Pyridoxal, 340 
Pyridoxamine, 340 
Pyridoxol, 340 
Pyridoxine group, 340 
Pyrilamine, 97 
Pyrimethamine, 145, 152 


Quaternary ammonium compounds, 120 
Quinacrine, 149 
Quinalbarbitone, 18, 22 
Quinamine, 219, 228 
Quinapyramine, 142 
Quinetum, 229 
Quinicine, 228 
Quinidine, 219, 222 
sulphate, 226 

Quinine, 144, 219, 220, 221 
bisulphate, 222 
carbacrylic resin, 177, 184 
dihydrochloride, 222 
ethyl carbonate, 222 
sulphate, 222 
Quinophan, 43 
Quinotoxine, 219, 228 


Rauwolfla alkaloids, 268 
Reserpine, 268 
Resorcinol, 110 
troRhamnetin, 362 
Rhamnose, 282 
Rhaponticin, 363 
Rhein, 362, 363 
Rhoeadine, 201 
Rhubarb, 363 
Riboflavine, 337, 338 
Ruban, 220 
Rubijervine, 261 
Rutonal*, 18 


Sabadilla alkaloids, 260 
Salicylamide, 39 
Salvarsan, 137 
Sandoptal', 18 
Santonin, 365 
Sarmentocymarin, 280 
Sarmentogenin, 298 
Sarmentose, 277 
Scillaren A, 282 
Scillarenin, 282 
Scillaroside, 282 
Scopolamine (see Hyoscine) 



INDEX 


415 


Scopolia, spp., 237 

Secaline, 230 

Senna, 362 

Sennosides, 362 

Sex hormones, 285 

Sodium acetrizoate, 182 

Sodium aminohippurate, 177, 183 

Sodium iodomethanesulphonate, 179 

Sodium salicylate, 38 

Solanaceous alkaloids, 237 

Solanidine, 260 

Solanine, 260 

Solanum alkaloids, 260 

Solapsone, 134 

Spasmolytics, 78 

Sphacelotoxine, 230 

Squill glycosides, 282 

Stanolone, 294 

Steroid hormones, 284 

Steroidal alkaloids, 260 

Stibophen, 156 

Stilboestrol, 162 

Streptomycin, 318, 323 

Strophanthin, 280 

Strophanthus glycosides, 280 

Strospeside, 279 

Strychnine, 215 

hydrochloride, 218 
sulphate, 218 
Strychnos alkaloids, 215 
Succinylsulphathiazole, 115, 120 
Sulphacetamide, 115, 116 
Sulphadiazine, 115, 116 
Sulphadimidine, 115, 117 
Sulphafurazole, 119 
Sulphaguanidine, 115, 119 
Sulphamerazine, 115, 118 
Sulphanilamide, 114, 115 
Sulphapyridine, 115, 116 
Sulphathiazole, 115, 118 
Sulphisoxazole, 119 
Sulphonamides, 114 
Suramin, 139 

Suxamethonium chloride, 90 
Sympathomimetics, 66 
Synthalin, 139 


Talomethylose, 276 
Testosterone, 286, 292 
Tetrachlo roethylene, 155 
Tetracycline, 327 
Tetraethylammonium chloride, 91 
Thebaine, 201, 211 
Theobromine, 272 
Theophylline, 273 
Thevetose, 276 
Thiacetazone, 132 
Thialbarbitone, 18, 23 
Thiamine, 337 


Thiamy lal„ 18, 24 

THimerosal, 113 
Thioh»arbitur.i tcs, 18, 23 
Thiomersal, 113 

Thiopental (see 7’Airt/>en/ow) 

Thiopentone, 18, 23 

Thiosemicarbnzones, 130 
Thonzylamine, 98 
Thymol, 111 
Thyrox in e , 310 
Tocopherol, 3 52 
Tolazoline, /4 
Tomat id ine , 2 60 
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Tri-iodothyron ine, 311 

TrimetHad ione , 29 
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Tropane alkaloids, 23 / 
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:i<les, 13 6 

1 3H y y3 
( hept:»ne, 6/, 

It*. 130 

y.S 25 1, 252 

252 oo 

dimethyl ether, 2-2 
6o 






Urethan< 


25 


“TO'.V 1 261 

■ir-y' ® rl r ’3 3 2 

itamm A. 

f** If?, 3 38 

-• 34, 

o’ g r ® up ’ 

tr 3 52 

K- 35 g 3 2 


306 

-1 1 
_ 201 

nthal^^rivativ 
nthi*»e 


c-OS, 


271 



